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To the AuTHoR of the Youno ALGE- 
| BRAIST's COMPANION, Sc. 


SIR, 


* ER E is Nothing can give a greater Satis- 
faction to a Lover of the Sciences, than to ſee 
them handled in a clear and maſterly Manner; 
and that every Attempt to remove Difficulties, and 
clear up the Obſcurities of any knotty Part of 
Science (ſo as to level it to the Capacities of Vouth, 
and at the ſame Time to make it pleaſing as well as 
inſtructing) muſt be allow'd, by a/l, to be a difficult 
Taſk, Give me Leave therefore to thank you for 
the Jaudable Pains you have taken in your YounG 
ALGEBRAIST's COMPANION, wherein you have 
made that which was hard and difficult, plain and 
eaſy to be underſtood, and at the ſame Time, have 
wrote it in ſo engaging a Manner, that the moſt in- 
attentive Peruſer muſt receive at once both Pleaſure 
and Information. I am, | 


$1R, 
Your unknown Friend 
and humble Servant, 


TOoWITIM-ROYAT, 
Lenden, Aug. 21, 


1750. NV > | 
| SAMUEL HILL. 
Philom. - 


N. B. The Author Bas had ſeveral fuch friendly Ler- 
ters as this, from ather Strangers, in the City and 
Country, 


. 


the following Sheets, do allow the Dialogues 
and Demonſtrations to be very natural, and 
eaſily adapted; and therefore beg Leave to 
recommend the Work, as one of the plaineſt 
and beft ſuited -to the Capacities wa young 
Begi nners extant. 


AnTHony GILBERT, 

PzTER DENNISs, Surveyor, 

SauuzL Hitt, Philom. 

Thomas HUMPHREYS, 

Timortay LAxOLEVY, Accomptant, 

Joszen S1meson, Teacher of the Mathematics, 

Joan ReyrTox, Superviſor, 

ABRAHAM DE LIRE, Teacher of the Mathe- 
matics, 

Jonx Quant, Writing-Maſter and Accomp- 
tant, 

GrorGE CoLxts, Land-Surveyor, 

RIcHARD RICRHARDSON, 

ER As Möüs TURNER, 

ZachARIAH SNAPER, Accomptant, 


E whoſe Names are here under- | 
4ritten, having each of us peruſed 
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DEDICATION. 


To the HONOURABLE 


} The GOVERNORS and DIRECTORS 


he OF THE 


ROYAL-EXCHANGE ASSURANCE COMPANY. 


GENTLEMEN, 


It; being not only a common, 
but a very juſt Obſervation, 
WW that the Generality of Dedi- 
H cations are carried to too high 
an Extreme of flattering En- 
comiums, I perſuade myſelf you will the 
more readily accept of one in a plain 
Dreſs only, as I am ſenfible it is no-ways 
agreeai.le to your Honours to be flattered. 


A 3 When 


n DEDICATION. 


| When ſolicited by ſeveral Gentlemen in 
Town and Country to publiſh the fol- 
lowing Tract, I was not long dnſidering 
at whoſe Feet to lay it: The Preſumption 
indeed was ſo great, that though the 
Thoughts of former Favours in ſome Mea- 
ſure encouraged me, yet it was with Re- 
luctance I preſumed to beg zhis; and 
your permitting me to ſend it Abroad un- 
der ſuch Protection, makes it difficult to 
ſay which is greater, the Honour, or the 


Kindneſs you have done me, fince from 


the One I ſhall naturally reap the Benefit 
of the Other, AION 

Even Books of common Arithmetic only 
have ſeldom wanted Patronizers, but Gen- 
tlemen of the firſt Claſs have more eſpe- 
cially condeſcended to protect and main- 
- tain the more ſuperior Parts of Mathema- 
tical Learning, not only from the ! leaſure 
and Satisfaction that ariſes even from the 
very ſpeculative Knowledge of them, but 
by being ſo uſeful in exerciſing the Facul- 
ties, and bringing the Mind into a juſt 
and proper Method of Reaſoning, were 
always thought worthy the Study. of the 
beſt of Men, are eſteemed as pretty Decora- 


only LL tions 
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ene, val 
tions and Accompany ments to other Bran- 
ches of Learning, and for Want of which, 
Education is always counted Something the 
leſs complete. 

It is ſuperfluous indeed to mention this, 
ſince it is evident your Honours were en- 
ſible of the Truth of it, from your Rea- 
dineſs to promote a Work wrote by one 
who at beſt profeſſes himſelf but a No- 
vice in the thorough Knowledge of thig 
extenſi ve Study: So that your Love for 
Arts and Sciences is the more conſpicuouſly 
ſeen, and you will appear upon the Liſt 
with thoſe worthy Patriots, whoſe Gene- 
roſity and Benevolence prompt them daily 
to ſupport and encourage all Sorts of Lite- 
rature. 

As I am ſenſible your Honours expect 
Nothing from me but Thanks and Duty, 
the firſt I moſt humbly return; and as I 
am conſcious I have hitherto been faithful 
and diligent in your Service, I hope I 
ſhall always endeayour, to the beſt of my 
Abilities, to continue ſo, in due Senſe of 


the many Kindneſſes I have received from 
you, 


That 


ri DEDICATION. 
That the ſame kind Providence that re- 
commended me to your Honours Favour, 
may continue to each Member the Bleſſing 
of Health, and 7hat of Proſperity to the 
Company in general, is, without Doubt, 

the hearty Deſire of many; but of none 
more than, 


G entlemen, 
» Your Honours moft cblig'd, 


and obedient, 


C 


bumble Servant, 


Len, March 25, 


__ D. FENNING. | 
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To the SCHOOL- MASTERS of 
Great Britain, and all Lovers of the Ma- 
thematical Learning. 


GENTLEMEN, 


MANY and great are the Advantages 
that ariſe from the Knowltdge of common 


Arithmetic only, to be Maſter of which 


requires a great deal of Time and Prac- 


were it not 
made in the 


pariſon with the Latter, 
It may indeed be thought a needleſs 
* Attempt to offer any Thing of this Sort to 7 
that has already been treated of by ſs many eminent 
Authors, as if more could be ſaid upon the 


tice; but Algebra /o far exceeds, it, that 
but that ſame ſenſible Progreſs muſt le 
Former, it would hardly bear any Come 


* 


has already been done. But it is to be obſerved that 
the following Work is deſigned only as a Preparative 
to the right Underſtanding ef other Authors ; ſo that 
perhaps, upon due Conſideration, the Undertating indy 
be found to be neither impertinert nor improper : For 
the Queſtion is not, Are there not Books enough ex- 
tant? but, Whether the Generality of them are fit 
for Learners, ſo that they may be capable in a ſhort 
Time of themſelves to folve Queſtions without the 
Help.of a Maſter ? This I t/ ink is the grand Point ta 


be con/idired, 


1 ds 


x PRE F A CE. 


I do not mean in the leaſt to leſſen thoſe Authors, {i 
whoſe Works I would be thought to have the highe/? 


gard ; but from the little Progreſs that moſt make who 4 
undertake to learn Algebra barely by Book, one would © 
conclude (and that without the leaſt Detradiion) that 


the Rules, Inſtructions, and Examples, are not ſo plainly 
ſuited to the Capacities of Learners as could be wiſb d. 


A great many are very ambitious to purchaſe for their 
ery firſt Book ſome great and noted Author (and in- 


as ſuch muſt be conſulted, if we would become Maſters 
* of any Art or Science;) but it is a common Miſtake to 
* think they are beſt, and moſt to be depended upon in the 
Rudiments or fundamental Principles of ſuch Arts or 
Sciences. It 1s evident there is Something more in — 
than barely aſſerting it; for if it wer we ſo, what ſhoultl 

be the Reaſon that 1 many 9 ferior Aut 


F ten Times leſs Knowledge in * Art or Science 1. 


ſelf) have wrote, and do flill continue to write Volume, 
for the better under/landing and exflaining their Works? * 
If indeed there was no Occaſion for this, then have 
they ſpent their Time in vain, and their Labours to no ® 
Purpoſe : But certainly they have not done ſo ; it is 


what was wanting, and therefore a very neceſſary Un- 
Jertaking ; becauſe by thus doing the Unlearned have 
end ſtill may, become acquainted with ſuch Mathema- 


tical Books, which otherwiſe they never would under- © 


land, without hat ing a Tutor always at their Elbow; 


and then indeed Pardie's Geometry may be underſtood * 
as well as Leadbetter's Mathematical Companion, er 
Boad's Artium Principia: And Wolfius and De Billy © 
as well as Cocker or Hammond, but not without this 


er ſome ſuch like Advantages. Beſides, 


It has ling ſince ben allow'd, that it is none of the . 
egſiaſt Things for Men of profound Learning te write 


within the ordinary Compaſs of common Capacities : 


Their Knowledge will very —_ fu * them to ſtoop to 


the | 


1 


hors (perhaps ; 


PREFACE: xi 


r I the Under/landing or Conception of ſuch : So that what 
= Dryden /ays of Love and Wiſdom together, may in 
0 another Senſe be applied to the Caſe before us: 


ö 
The Proverb holds that to be wiſe and love, 
ly | &« Is hardly granted to the God's above. 


* For indeed, to Men of ſuch extraordinary Parts 
ir and Abilities, every Thing of this Sort is ſo very eaſy, 
i= * that whatever they propoſe, be it either Precept or 
's Example, they can ky: it ſo many different Ways, 
o roo hence they conclude it is very eaſy to be un- 

* derſlood by others; on which Account they are in gene- 
ral not only ſo ſublime, but withal ſo conciſe, that it is 
toll known, that not only moſt of their eaſieſt Pro- 
blems (as they are pleaſed to call them) but even their 
3 Demonſtrations, require a further Demonſtration and 
more eaſy Explanation, before moſt Learners can of 
* themſelves form a clear and diſtinct Idea of the Nature 
f the Propoſition ; at leaſt it will caſt them many 4 
2 weary Hour, and ſometimes Days and Months, to un- 
derſtand the whole Operation, though they apply ever 
% cloſe and aſſiduouſly; and all this for want of a 
feu Words applied in a free, natural, and eaſy Man- 
ner. Indeed, when we conſider theſe Things, we can- 
not but ſay it is a Pity a diligent Reader ſhould ſpend his 

Time to /o little Purpoſe, 
j As Algebra is noted for it's Excellency, ſo it is for it's 
* Difficulty, and therefore ſeveral eminent Authors have 
been ee to call it a dark and dry Study ; the Mean- 
ing 1 apprehend to be this, becauſe the Learner goes on 
a long Time thro a Series of Rules and Examples, 
3 which, though he be ever ſo perfect in, yet ſees no Rea- 
the ſon for what he has done, nor receives any Reliſh ar 
rite ¶ Satisfaction till he comes to put them in Practice in the 
s ſoving of a few Queſtions; aud even then, if the Au- 
t tber does not give a Reaſon for almoſt every Step of the 
the Operation, 


Xil rer 
Operation, the young Ty ro will not fo ſoon underſtand 


the Work as he may imagine, but is often at a Loſs, Þ 


and ſometimes totally ſtopped. 
Now if the young Algebraiſt may poſſubly by fome 


| Authors proceed thus far, and for want of better Af. 
/itance can go no further, what can be thought of ſuch | 


Books as have not ſufficient Inſtructions * the ver 
Rudiments only : And that there are ſuc 


is evidently |; 
known to too many, as will appear from the Mord. of 
an Author himſelf*, — “ I have always been of Opi- 
& mon, ſays he, that Algebra ſhould not be entangied 
& with a' great Number of Precepts; the Science is 
& dark enough, without adding to it new Obſcurity 
& by the Confuſion of different Operations, &c. ” — 


10 


Had he ſaid confuſed Operations indeed it had been to X*. 


the Purpoſe ; but what he means by calling different % 
Operations a Confuſion, I know not: For Reaſon (1 
think) tells us, that a Variety of Examples plainly de- 
monſ/trated, is the moſt ready May to remove Obſcurity, 
as it is the only Means to prevent a Learner's being en- 


tangled; becauſe without Examples he would have but 


imper ect Ideas, and conſequently could never under- 


ſtand the practical Part of any Art or Science: It is | 
rok gr not only diſingenuous to own a Thing to be 


hard, and not withal to give ſufficient Rules and Ex- 


amples to render it eaſy when in our Power; but it is 


as abſurd to think it ſhould ever be rightly underſtood 


without theſe. 


He: is no great Arithmetician who will not alla 
the Doctrine of Fractions, and the Extraction of Roots 
to be ſomething more difficult than the lower Rules of | 
common Arithmetic ; for which Reaſon the Directions 
are ſo many the more, and fo much the fuller : If then | 


to © 


— | 
®\1 isof no Significatien to mention the Author's Name, Th«ſe that 


dave him by them may fee the ſame Wards ; and I make no Doubt but they | 


wil find be bas kept up to ibem throughout bis Work, 


PREFACE xii 
to underfland theſe only, ſuch a Number of Caſes and 


8 /uppoſe Algebra is to be learnt without, or by a few 
only ? No ſurely; for look but into the Works of the 
unparalleled Saunderſon, you will there find Precept 
upon Precept, and Example upon Example; and were 
it /o that two Volumes in Quarto could be purchaſed by 
every Lover of this Science, they would (in all Proba- 
© bility) make more Algebraiſts than all the Books extant. 
© would for ſome Years put a Stop to any further Pre- 
® tences, and may be ſaid to be almoſt a finiſhing Stroke 
upon the Subjef?.—But this cannot be done. 
vu JQNow, contrary to this, ſeveral Authors are ſo over 
and above ſhort and intricate, that it is almoſt im- 
© poſſible for a Beginner to learn ſo much as the Algo- 
rithm, much leſs the Algoriſm “*. 
I bat maybe done by one in a Thouſand is not eaſily 
® accounted for. Heaven has favour'd ſome with a ſur- 
V prizing quick 1 a penetrating Judgement, 
Rand tenacious Memory; and if to theſe we add ibe 
Advantages of Time, fogether with the Delight on 
ty that ſuch -a one may poſſibly take in 
F þ off Learning, ſuch a Man as this, I ſay, can- 
not fail to make ſenſible Improvements from the moſt 
#/ublime Authors, and the moſt intricate Demonſtra- 
tions But can we expect to find this at every Door? 
Wer few have two of all theſe Advantages, and there- 
ore that which is but A, B, C, to the one, it as Greek 
to the other. | | 
* Proma due Conſideration of theſe Things, it is eaſy 
to percerve that a Book wrote in a plain and familiar 
* Manner, and with a\ moderate Price, has been long 
= zwihhed for and expefted ; the Mant of which (as ſe- 
| | | veral 


Algorithm fgnifies the firft Principle, and Algoriſm the practical 
Pert, or knowing how to put the Algorithm in Practice. 


© Examples are neceſſarily required, it _is reaſonable to 4 H 


- 


xiv PRE FACE. 
veral Schoolmaſters, and others my Acguaintauce, hav? 
often ſaid) has been a very great Diſcouragement io 
2 in their intended Deſign and Purſuit of Al- 
gebra. 1 | 
The moſt rational Method to make any one Maſter of 
any Art or Science, is certainly to introduce it to him 
ma natural Order, and to teach him at firſt only /o 
much of it as is moſt neceſſary and conſiſtent with the 
Foundation; and when he under/tands the Fundamens | 
tali, he will fron be able to conquer the more difficult . 
Parts, and may purſue the Study in a more learned | 
Manner, if bis Fancy, Indination, or Profeſſim, WR: 
ſhall incline him ſo to do. 2 
Such then is the Deſign of the following. Sheets, to 
give the Learner a true Notion of Simple Equations; 
| and to make the Wark as uſeful to him as I poſſibly could, 
F I have added that Part \which treats of Vulgar Frac- 
\ tions, 4% he ſhould not be\gequainted with fo neceſſary 
| a Step: And though I have laid down every Thing in 
the firſt four Algebraic Rules as plain as J am able, 
| Hill, that the young Practitioner may not be at 
a loſs in working the Problems, I have there recalled ? 
him back to his 3 Wort, baue given him the Rea- 
fon gradatim (Step by Step) throughout the whale Ope- 
ration, that he may the more readily under/land the 
Nature of what he has been doing. | 
J expect ſome critical Adepts may ſay, there was 10 
| Occaſion to be ſo very particular; but let thera be toll 
ence more, it is deſigned only for Learners, (though 
they themſelves, perhaps, may find ſome Things in it 
not altogether unworthy their Notice ;) and I perſuade 
myſelf, upon this Conſideration, I have not dwelt tos 
long upon any one Thing that requires à clear Demon- 
ftration, if it were only for this 1 that conſi- 
dering the many Rules and Examples the Learner has 
got to go through before he can put them in — 
| ail 


and the Difficulty of putting them in Practice to his 
mn Satisfaction, an Author may be, and often is, too 
Whort for maſt, but he never can be too plain for any; 
md.T think the practical Part of Algebra has already 
been ſufficiently proved to be inconſiſtent with too much 
im Wublimity and Conciſeneſs. Again, | 

Does not Reajon itſelf tell us, that Arts and Sciences 


the Were not like Hiſtory, A few Words in the different. 
n- Vircumiſtances and Parts of the Narration give us a 
ult Neneral Idea of the I hole But here it is quite other- 
ned Nie; the Reader muſt have Words as it were con- 


inually multipiied, to under/land truly what is Before 
im; /o that that which may be called a needleſs Tau- 
ology in the one, is Nothing more than a proper 
xece//ary Repetition or Addition fe the other. 

[ hope, therefore, thoſe mare ſeilled in this Science 
ill excuſe my being a little prolix, if I tell them 1 
Have done it in Sympathy to the young Pradtitioner, 
ice 1 knw the dear Purchaſe of ſtudying - Algebra, 


able, em conciſe and obſcure Books by woful Experience ! 
at 11 is true, I have attempted the Mort in Dialogues, 
alled Nobich render it more prolix than it would have been 
Rea- Without them; but as I had never ſeen any Thing of 
Ope- is Sort wrote in that Manner, I did it partly to avoul 
the We Charge of Plagiariſm ; and it is the general Opi- 


on, that this Way of writing conveys the Senſe of 
1s 1119 We Matter ſooner to the Ideas, as it unbends the Mind 


toll i Intervals, not by turning it aſide from the Subject 
50% % e, but inſenſibiy fteals upon the Fancy, and renders 
in it We Study in a great Meaſure a Diverſion rather than 
ſuade dry burthenſome Taſk, But a benevolent Critic knows, 


0 o « Whoever thinks a faultleſs Piece to ſee, 


con « "Thinks what ne'er was, nor is, or e'er ſhall be.“ 


r has} And a candid Judge, when he conſiders the Scope 
attice, if the Science, and Deſign of the Author will grant, 
and g That 


N PABFACE. 
That if the Way be juſt, the Conduct true, 


1 | Some Praiſe, in Spight of trivial Faults, is due. | ; 
Let therefore the ingenuous Reader conſider, that 
IU - every Day has it's Shades, and that my chief End is | 


| to ſerve him, and to ſave him Trouble in the Purſuit | 
| of this excellent Study, and then he will, for the very 
| Deſign's Sake, forgive thoſe Errors which the Preſs, 
— of Time, or Ability, may poſſibly have occa- | 
boned, 4 HAT : 
Gentlemen, Permit me to return Thanks; to ſuch of © 
you as have encouraged the two laſt Editions, and I have, © 
(according to Promiſe) added to this Third Impreſſion, + 
not only a plain and eaſy Method of compleating the * 
Square, and extracting the Roots, but have alſo added © 
ſeveral new Problems, by Way of Exerciſe, in Orger to © 
make Quadratic Equations appear ſtill more eaſy to 
Learners, I am, 8 


GENTLEMEN, 


"Your humble Servant 


and Well-Wiſher, 


Royal-Exchange, 
London, Nov. 5, 1758. 


D. F. 
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DIAL 0 GUEE:E 


Between PurLomMaTHes and TyRUNCULUS. 


* 


— 


. 


Tyr, (at Philomathes's Door knocks, ) 
Servant. | ; 
Tir. M RAL is Philomathes within? 
1 = Serv. Yes, Sir. 
Tir. Has he Company? 
Serv. No, Sir: Pleaſe to walk 
CSS OS into the Parlour, my Maſter is 
a | quite alone. 
Tyr. —— (within) I chooſe rather you would let 
him know I am here, Ar 
Serv. (to Philomathes) Sir, here's a Gen- 
tleman deſires to ſpeak with you, if you be at 
Leiſure. 
Phi, Who is it, P/apho ? | 
Serv. I have ſeen the Gentleman before, Sir, but 
I forget his Name. | 
Phi, —— (comes. ) 
| B Dr. 


1 


2 INTRODUCTION. 


Tyr. Dear Philomathes, | am your humble Servant. | 


Phi, Tyrunculus, Lam yours, and am heartily glad 


to ſee you. — Come, Sir, pray walk this Way, I : 


beg of you, ; 
Dr. — Sir — 


Bhi. Pleaſe to. ſit here, Sir, for you ſeem to be cold. 


Dir. Sir, I thank you; 1 am a little cold, I con- 
fels. 


_ Phi. Give me Leave, Tyruncu/us, to repeat once 
more, that I am proud to fee you; and I hope, after 
the many Promiſes you have made, you are now 
come on Purpoſe to, ſpend an Hour or two with me. 


Tyr. Indeed,. Philomathes, I came with that De- 


ſign, if it be convenient; if not, I beg I may wait ; 


upon you at a more ſuitable Opportunity. 


Phi. Indeed, Sir, I ſhall conſent to no ſuch Thing; 
you ſhall not put me off from Time to Time with 
your Apologies; you ſee I am alone; why then 


+ ſhould you think it is inconvenient ? 


Tyr. Pardon me, Philomathes ; as I ſee your Books 
before you, I thought you might be too buſy at this 


Time. 
Phi. Piſh, — I am never ſo engaged with them, 


but that I'm always ready to receive. my Friend; 
though I confeſs (when I have not the Pleaſure of an 


agreeable Companion) they are, pretty Company to 


me of themſelves. 


Tyr. That I believe; for come when I will, you 7 


arealways upon the Study, 


Phi. Indeed I am no cloſe Student, Tyrunculus ; | 
tis true, ſome things require more Thought and 
Conſideration than others, and I believe none more 


than what I have now been reading. 
Tyr. Pray what is that, if I may be ſo free? 


Phi, No Secrets at all, Tyrunculus ; you may look | 


of any of the Books and welcome. 


Tyr. 


in 


INTRODUCTION. 2 


Tyr. So, fo ! Algebra It—— Cocker, « Hammond, 
Saunderſon, Kerſey, Hard, De Billy, Walfius, &c. 
Vouſhave a Variety of Authors upon my Word. 

Phi. The Science requires it, Tyrunculus. 

Tyr. I believe ſo, and a fine Science it is; for my 
Part, I wiſh I underſtood it; but it is ſo hard for a 
Learner to ſtep into it of himſelf, that I think it is 
quite tireſome, 

Phi. You ſurprize me, Tyrunculus; why, you 
talked of learning long ago. 

Tyr. 1 did fo, and bought two or three good 
Pieces (as they are call'd) upon it; but I owa 1 am 
very little the wiſer for all my ſtudying. 

Phi. Do not ſay you ſtudied ; I fancy you only 
gave them a careleſs Look or two; and Things of 
this Nature ſhould be read flow, and with the great- 
eſt Attention. | 

Tyr. Lam ſorry, Philomathes, you think I have 
taken no Pains; many an Hour's Reſt have I broke, 
to learn only the firſt four Rules ; and as for Equa- 
tions. I never could underſtand; and to ſay the 
Truth, I have laid the Thoughts of it aſide for 
tome Months. | 
_ Phi, T-beg, Tyruncutus, you would not be angry; 
what made me think fo is, becauſe | kH o] moſt 
Learners are apt to run over T hings too haſtily, and 
then blame the Author for their not coming at them 
directly: However, it is plain the Fault is either in 
you or the Books (if not in both) that you have 
made no better Improvement. 

Tyr. I am apt to think the Fault is in them as 
much as in me. 

Phi, Perhaps ſo; but what ſignifies barely aſſert- 
ing it, without giving a Reaſon ? 

Tyr. Whether I be expert enough to give you a 
ſufficient one, I will not ſay. 5 
B 2 Phi. 
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Phi, Let me hear you give ſome Reaſon or other, 


I beg. | | 
72 Why then, Philomathes, two of my Authors 
treat only of Algebra itſelf, beginning with Problems 
directly ; the other indeed begins at Addition, and 
roceeds on to the firſt four Algebraic Rules, which 
carnt pretty well; but when I came to Algebraic 
Fradtions, I (not knowing any Thing of Vulgar, and 


he being ſo conciſe) could underſtand very little of J 


them; on which Account, when I came to Equa- 


tions, I was quite at a Loſs ; for I perceive there are 


very few but what have Fractions, and I know very 
little of them, except juſt to read them, 


Phi. Why indeed, Tyrunculus, if you are not ac- 


quainted with Vulgar Fractions, it is in vain you pre- 


tend to_ſtudy A.gebra, for they are the very Baſis f 


and Foundation of it; however, Algebraic Fradtions 
are done after the ſame Manner as Fulgar. 
Tyr. But you will allow them to be much th 
karder of the two, I imagine ? | | 
Phi. Ves, yes, I g ä 
id well acquainted with Fulgar, he will ſoon under- 


fland Algebraic Fraftions ; beſides, it will fave him a 
great deal of Trouble, for it is impoſſible to reduce 
an Equation, in order to diſcover the Value of the 
unknown Quantity, without underſtanding one or 


both of theſe. 


Tyr. Since you grant this then, Philomathes, 1 
think you muſt own the Fault to be in the Books 


rather than in me ? 


Phi. Jis true, the Books you ſpeak of are not 
fit for Learners; but ftiil, I muſt not indulge you 
ſo much as to lay all. the Fault on them; for, as 1 
ſaid beſoxe, though they may not be immediately 


fit for Beginners, yet they may be very good Books; 


for j ou are to conſider, Tyrunculus, that ſome Au- 
thors 


grant it; but till when the Learner 


r mi oa. ce oa 


Q 
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thors ſuppoſe Perſons previouſly to underſtand ſuch 


7 and ſuch Rules. 
18 r. You ſay very right, Ph:lomathes ; but pray 
ns did you never hear any beſides me complain of the 
1d Difficulty of learning Algebra by moſt Authors ? 
ch © Phi. Yes, a great many, and there may be Rea- 
ric ſons ſor it; but we ſhould always, in ſuch Caſes, 
ad pas our Sentiments with Reaſon, Caution, and Ten- 
of derneſs, and not blame Authors on Account of every 
a- ſupine Learner; for it is evident we can have no 
Ire better, if we go to the Extent of the Science; tho” 
Ty I muſt confeſs thus far, that, upon the Rudiments, 
the Generality are a little dark, and too conciſe. 
ce | Tyr, Since you own this, Philomathes, how then 
re» could you fo ſeverely blame me, that I have made no 
ifis better Progreſs ? EP 
ons Phi. You are not ſo much to be blamed as 1 
thought for; but ſtill, you are to be blamed in this 
the Reſpect, that you have not conſulted more Books; 
for he that defigns to be the Maſter of any Art or 
ner Science, ſhould certainly provide himſelf with a Suf- 
er- Þ ficiency for ſuch an Undertaking ; for it often hap- 
na pens, that what one Author is deficient in, or treats 


uce Þ darkly upon, another ſets forth in a clear and eaſy 
the Manner to be underſtood. 


or Tyr. A Variety of Books cannot be had, you 
know, without Expence. EAR 
s, I 3 Phi. You make me ſmile to hear you talk of Ex- 


oks XV pence; you know very well you can afford to pur- 
chaſe oy N have a Mind to. 

not Dr. That may be, but I ſpeak in Pity to thote 

you | that cannot; for by Reaſon of this, many Minds 

as I lie quite uncultivated, which gtherwiſe would make 

tely ö fine Improvements in ſeveral Branches of Learning 8 


ks; Tbdis was the Cafe of Tyro, when de took in Hand 


- 
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to learn this Science, and I made him a Prefent of 
Cocker and Hammond to encourage him. 
Phi. Youdid very kindly, and could not have made 


him a prettier Preſent; and he will certainly learn, for | 


he has a very pretty Turn of Thought for Figures. 
Tr. I have heard Novitius ſay the ſame, (for 
they both practiſe together) but yet he ſays, that he 
never could rightly underſtand in what Manner 
' Cocker reduces ſeveral of his Equations; for my 
Part, I wonder at his Patience. 
Phi. Delight, Tyrunculus, Delight carries us thro' 


many Difficulties : But pray, do you remember any * 


particular Queſtion or AIRES that he ſeems ſo 
much puzzled about? 

Tyr. That Ido not; but I heard him wiſh be had 
the Happineſs, of being acquainted with you, he 
would have a{k'd you how to reduce a certain Equa- 
tion or two, which puzzles him pretty much, but 
that he feared you would take it amiſs, 

Phi. Not I, in the leaſt; you know, Tyrunculus, 
I am of no ſuch ſelfiſh Temper; J hate it of all 
Things ; it would be Ingratitude not to communi- 
cate that fieely, which I received ſo: Baſe and ſor- 
did Spirits will indeed deny their Aſſiſtance, that 
they may have the Pleafure of laughing at: the Igno- 
rance of thoſe that they ought to have inſtructed. 

Tyr. It is very true, Philomathes, Philautus is of 
this unhappy Diſpoſition ; I heard Novitius 4 


E 


little while ago, he aſk'd him only a fingle Queſtion, | 
and he would not reſolve it, but gave him very little 
to anſwer, and ſeem'dꝭ (he ſaid.) to be affronted; and 5 
yet you'know they ark intimately acquainted, and he 


always expreſſes the greateſt Regard for Novitius in 


other Reſpects. 


Phi, It is very ſurprizing | The various Tempers | 
of Men are not eaſily to be accounted for you know, | 
| | Tyrun- | 
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of BZ Tyrunculus : To be ſure, that Man can be of no Ser- 
vice to any Society, that is not ready and willing to 
le i aſſiſt every Member of it, and eſpecially when he is 


or entreated. Lucretius was wont to ſay, ** That he 
. RF « would ſeek all Opportunities to communicate 
or © whatever he thought might be ſerviceable to any 
hne Man; and that, if Wiſdom and Knowledge were 


er given to him with that Reſerve, that he might 
« not impart it to others, he ſaid, he would much 
rather chooſe to be without them.” 

Tyr..— (ſmiles ) 

Phi, What do you ſmile at, Tyrunculus ? 

Tyr. Nothing, Sir I was only going to ſay I 
with Lucretius liv'd near me. 

Phi. That is not amiſs, Tyrunculus, I confeſs : 
However, I am as ready to ſerve you as he would 
be; and to ſhew you I am, if you. approve of it, 
and have a Mind to have a little Touch at Algebra, 
I will give you the beſt Inſtructions I am capable of, 
upon Promiſe you will. apply diligently ; for were I 
ſure you would not, I ſhould repent my Folly even 
in aſking you, much more in the undertaking itſelf. 
You remember the old Proverb, Strike the Iron while 
it is hot ; If you ſlight this Offer, you may, perhaps, 


afterwards blame yourlelf, — —— Come, what ſay 
you ? 


„ aff yon and as I am bound in Duty to accept of your 
8 Kindneſs with Thanks, give me Leave to ſay, I 
ittle will uſe my beſt Endeavours not to fruſtrate your 
and kind Benevolence; but indeed it is giving you too 
d he much Trouble. | | 
us in Phi. Do not mention it: You are welcome, as I 
oF faid before; but pray when will you begin, for the 

apers ſooner the better, if you take my Advice? 
now, Dr. That muſt be as you pleaſe, Sir. 11 
ve 1. 


Tr. Dear Philomathes, 1 am ſtill more obliged to 
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Phi. It never can be more convenient than now, 


as we are alone, and free from any Interruption. 
Tyr. With all my Heart, Sir. ; 


Phi. Well then, Tyrunculus, I would have you | 
obſerve the Method I ſhall take for your Inſtruction: 


I hall firſt begin with you at Vulgar Fractions, (as 
you have, you ſay, but very little Notion of them) and 


ſhall treat more of them than is required in the 4 - | 


braic Part, that you may ſee their Uſe in other 


the Rule of Proportion, and Equations; wherein I 
ſhall give you ſeveral Examples very rarely to be met 
with, or ſo eaſily demonſtrated : After theſe, I ſhall 
make ſome neceſſary Obſervations, and proceed di- 
rely to Algebraic Problems; and ſhall work them ſo 
1 that you cannot miſs (if you take any 

ains at all) to underſtand every Operation. But 
as ſeveral Things will, no Doubt, happen, that you 
may not immediately, upon firſt reading, have a 
true Notion of; pray do ſo much Juſtice to your- 
ſelf, as to afk the Meaning of every Thing you are 
at a Loſs for, and do not content yourſelf to go 
away half taught. For my Part, I fhall be careful 
to avoid any Thing that I think may give Occaſion 


to ſtop you in the 1 * you but as dili- 
xamples, and you 


gent to obſerve the Rules an 
will ſoon be Maſter of that which I ſhall hereafter in- 


ſtrut you in; and then Tyrunculus, Cocker and Ham- 
mond will at once appear both beautiful and eaſy to 
you; or Saunderſon and Kerſey, if you think fit to 
purchaſe them, (the former of which I more parti- 
cularly recommend :) But if you have not the Hap- 
pineſs to meet with either of theſe, you are here qua- 
lified for Ward, and have a good Foundation to pe- 
ruſe more conciſe Authors, ſuch as De Billy, Ge/ti- 


nus, Walfius, &e. &c. 


x 0 IS DI A- 


ſpects: Then I ſhall proceed to Algebraic Frations, © 
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3 On NoTATION and REDucTION of VULGAR 
4 FRACTIONS, 


di- | 
| ſo 6 7 71 2 
wr. W HAT do you mean by Notation 
* N Fractiůons? a | 
ut 


* Phi. Notation ſhews you how to write down and 
7 oxpreſs any Fradtion. 

HBr. What is a FVulgar Fraction? 

Phi. A Fraction ſignifies a broken Number, or, 


are in other Words, when Unity, or the Number 1, is 
79 divided into any Number of Parts, thoſe Parts area 
ful Fractiona! Part of the Integer itſelf, and is called a 

on ulgar Fraftion. | 

li- 2 HBr. How am I to know a Vulgar Fram ? 

ou Phi. Whenever you ſee any Figure or Figures, 

in- 


with other F igure or Figures underneath, and a Daſh 
n between them, (thus, 3 4) they are Vulgar Fractions 


to Mof ſome Denomination or other. 

to Br. What! are there different Sorts then? 

rti- "F Phi. Yes, three at leaſt. 5 
ap- , Tyr. Tell me their different Names, if you pleaſe ? 
ua- Phi. Firſt then, there are Simple, Single, or Pro- 
pe- per Fractians, (for you muſt note they are frequently 


Ni- called by either of theſe Names;) 2dly, Improper; 4 
and, 3dly, "Compound Fractions. | | 
A- N Dr. 
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Tyr. How are theſe ſeparately known, or expreſs'd | 
in Figures ? P 
Phi. Thus; 3, . 1. $14» Sc. are all Simple 
Frattions; they are ſo called becauſe each of the . 
Numerators are leſs than the Denominators belong- F 3 
ing to them. 1 
. Tjr. What do you mean by Numerator and De- 
nominator ? bo 
Phi. The Numerator always ftand a-top of the Þ 
Daſh, and the Denominator underneath : Thus, in 4 
the foregoing Simple Fractions, 2, 5, 9, and 412, 
are Numerators ; and 3, 8, 14, and 716, are their 
reſpective Denominators, E 
HBr. Very well: What is an Improper Fraction? . 
Phi. Improper Fraftions, contrary to Simple ones, Je! 
have their Numerators larger than the Denomina- 
tors: Thus, +, 5, , and 735, Sc. are Improper | 
Fractians. . | = 
Tyr. What do you mean by Compound Frattions © IS 
Phi. Compound Fraftions are Fradtions of Frac- | 
tions compounded, coupled, or joined together, by 
the Word of, Thus Zof 3, or 3 of ,4 of 34, Cc. 
are all Compound Fraftions : Do you underſtand 3 
it? | . 
Tyr. Yes, I do Sir: But how are theſe different 
Fractions read, or verbally expreſs'd ? . 
Phi. Thus, 4 and 33 is two Thirds, and fourteen 
Twenty-ninths; alſo ? is 14 Fifths, and 5 of 4 of 
Tt, 3 Fourths of 5 Sixths of 7 Elevenths, &c. . 
Tyr. The 3 Fourths of the 5 Sixths of the 7 Ele- 
venths : But of what? < | 
Phi. Why, the 2 of the £ of the + Parts of an H 
Integer, or whole Number. | ; 
Tr. I aſk Pardon: But this muſt be very bard to 
tell that, | 
Phi. 
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„d Phi. Youare not to concern yourſelf about this at 
preſent ; you will find it uy enough by-and-by. 
ple Tyr. Are there no more Fractions ? 


the | Phi. Properly ſpeaking there are not; but there 
1c. is what we call a Mixt Number. 
Fr. What is that pray? 
be. Phi. A Mixt Number conſiſts of Parts, the two 
firſt Part a whole Number, and the other a Fractian: 
the Thus, 43, and 247 ;, are Mixt Numbers; that is, 
in 4 whole Numbers and 3 of Unity or 1, Ce. 
12, Tyr. I underſtand it very well: What is the next 
icix Thing you purpoſe ? 
3 Phi. Nothing more concerning the Names of 
„ Fractions : I ſhall now give you three or four Ob- 
ies, © ſervations, which you will do well to remember. 


Oss E R v. 1. 


per 
© 'S | The Value of _ Simple Fraction is leſs than 
-ac. Vnity or an Integer, by ſo many Times as the Nu- 


erator is contained in the Denominator ; as you 
ill ſee demonſtrated (Caſe q) in Reduction So alſo 
the Value of all Compound Fractions, if they be 

*Fompounded of Simple ones; for they are all but one 
Pimple Fraction when reduc'd, as you will ſee (Caſe 6) 
eduction. 


OB$SERV. 2. 


Contrary to theſe, the Value of any Improper Frac- 
on is more than an Integer, or as many whole In- 
egers as the Denominator is contained Times in the 


umerator; (See Caſe ꝙ in Reduction.) 


OBSE RV. 3. 


When the Numerator and Denominator are alike, 


is is called by ſome an Improper Fraction, but —— | 
W 


before you can do the other Rules: Reduction there- 


2 ⅛ĩðͤů Nor AT TIox, Ce. e 
what Propriety I know not, ſeeing it is only Unity 
itſelf ; For 4 of a /. Sterling is 1 /. and 2 of 2 
Yard 1 Yard; becauſe 4, divided by 4, &c. make 
one whole Integer. g : 


43 

NI 
Py 1 
= - 


OBSERYV. 4. 


When you would make any whole Number inte“ i 
an Improper Fraction, then put Unity underneath it. Fg, 
Thus 4 will be + and 126 will be '*? c. Pray Ine 
remember this. | YA ; 


Tyr. I underſtand you quite well; but pray how? 
is the Value of a Fraction diſcovered, in Order to 
know what Relation it bears to an Integer! b 

Phi. Fractions are reduced by certain Rules or, 
Caſes in Reduction, of which if you be Maſter, you 9 
will Toon add, ſubtraci, multiply, and divide; but j 
not elſe; 4. * 
* Why is Reduction taught before the other nd 
pray oy 8 U 
Phi. Becauſe the Fractians muſt be firſt reduced a 


het 
ot 


fore prepares the Fractions as you will ſee by the fol- 
lowing Examples. 43 


* 
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RED cTION T VULGAR FRACTIONS, 


yr. 1 AM mightily pleaſed with what you have 
ſhewn me concerning the Nature of Vulgar 
Fractians; but I think long to know how to reduce 
ra) them. | 
Phi. That you ſhall directly; but are you ſure 
you know what a Simple, Compound, Improper Frac- 
ion, and Mixt Numbers are? for they muſt be 
Known: And if you think you do not underſtand 
hem quite well, give them another Look; you can- 
or not be too perfect. | 
you Tyr, I am poſitive I underſtand what they mean. 
but? Phi, Very well: Pray hand me that Slate then; 
will reduce them in their Order before your Face, 
her ind you may try at other Examples, which you 
«al may ſet yourſelf at your Leiſure, | 
ere- | 
fol- 


| 4 2 reduce'a Mixt Number to an Improper Fraftions 
The Rule is, 


1 Multiply the whole Number by the Denomina- 
or of the Fraction belonging to it, and take in the 
umerator; then under this Product ſet the Deno- 


Hinator; ſo is this Improper Fracbiun equivalent to 
he Mixt Number given. 
| vs + — 8 


1. 
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EXAMPLE I. = d 


Reduce 4 J to an Improper Fraction. n 


47 
5 


F.. 

22 q 

RO uf. 1 7 
EXAMPLE 2. 

Reduce 51 17 10 an Improper Fraction. 


1 1 
5 11 


— — 


6 | 
4 
11 


125 EX H EE 3. 
? Reduce 576 3+ to an Improper Fraction. 


576 ut 
24 


2308 

1153 
8 ͤö ͥ ũ 4% 
. 


Vurcar FRACTIONS. I 
Br. He that can do common Multiplication may 


do this. 

Phi. True; and he that can do common Diviſion 
may do the next, it being only the Reverſe of the 
former Cale, as * l ſee by the ſame Examples. 


* 
CASE 2 


To reduce an Improper Fraction to its — 
whole, or mixt N umber. 


Nule is, A 


Divide the Numerator by the Denominator, and 
if any Thing remains, et it over the Deuominator, 
for a new Numerator, and it is done- 


| EXAMPLE Ts 2 RA 
1 Reduce ; to its equivalent, whole, or mixt Number, 
} 6 


Lo 50) 22 
2 41 Anſ. See Ex. 1. Caſe 1, 


43 EXAMPLE 2. | 
4 Reduce f ta its TE. whole, or mixt ** 
3 56 3 * 


c 2 | K x- 


reren df 
EXAMPLE 3. 


Reduce to its equivalent, whole, er mix$ © 
Number. 


24)13838(576 14 4nf, 
120 | 
18 
16 


— — 


158 
144 


14 


— — / 


. _ Nate, When there is no Remainder in the Divi- 
fion, then will the whole Number be equivalent, 
or equal to the given Improper Fraftion. As for Ex- 
ample : Suppoſe I would reduce 55 to its Equiva- * 
lent, I divide 56 by 7, and the Quotient is 8; ſo is 
8 equal to ; ſo alſo 4 is equal to 19, This is 
eaſily ſeen by the next Caſe. | 


A wy ww r 


i S A 8 E 3 | 
To reduce any whole Number to an Improper Fraction. ' f 

Rule is, 
Multiply the whole Number by any Figure at I 
Pleaſure, and under the Product ſet the ſame Figure 


you multiply'd by, and you have an Improper Frac- * 
tion equal to the given whole Number, K 1 
= * . Xo q 


* 


1 
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EXAMPLE I. 
Reduce 14 to an Improper Fraction, 


I4 14 14 
5 9 12 IE 
70 126 168 1 

5 9 3 


Here you ſee I multiply the whole Number by 
5, by , or by 12, or any other Figure, and the Im- 
proper Fraftions are all equal to each other, and 
are alſo equal to 14. Therefore this is an unlimited 
Queſtion, to which an infinite Number of Anſwers 
may be given, and all right; but if the Queſtion be 
propoſed thus, it will be limited, and can then have 
only one Anſwer. As for Example, 


1 


Reduce 14 to an Improper Fraction, whoſe Denomina- 
tor ſhall be 15? 


Here as I am to have 15 for its Denominator, T 1. 


am obliged to multiply by 15, and no other Figure. 
> 


14 
15 


70. 
14 
— NJ 
210 * 
— Anf, equal to 14, as before. 
15 y 
C 3 CA 
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CASE 4 | 


1 


* 
:% 
: 

5 
* 
» 


Divide the Numerator and Denominator by any 1 
Figure that will divide them both without any Re- 
mainder, and continue ſo doing till you can divide 
them no lower; ſo will this laſt Quotient be the 


loweſt Terms equal to the original given Fraction. 


To reduce a Fraction to its loweſt Terms, equal inValue 
to the Fraction given. 


EXAMPLE 1 
Reduce 143 to its left Terms. 


Diviſors ae 
Num. 144 7224 


— .. — 


Denom. 216/108 36 


# 
= 

o ge. the 
# 
: 
* 
x 
« 


EXAMPLE 2. Sis 
Reduce 515 to its loweſh Terms 
Diviſors 6 8 4 .T 

—— — 


e S118 / 
Denom. 960! 160 [2ol 5 ; 

Do you underſtand the Work ? £210 
Tyr. I underſtand all very well, but the two Lines 


you make after the Anſwers I don't rightly appre- 
hend. 1 
Phi. 


Ie 
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Phi. What this Mark (=) do you mean?. 

Tyr. Yes. | 8 
tot Phi. It is the Sign of Equality, it 
$ ; ſignifies that 3 is equal to 248; and 4 is 
3 fenifies. equal to 328. You will frequently fee 
it uſed by and by. 25 
3 Nete, Aſter the- ſame Manner are Algebraic Frac- 


ix. 


tions abbreviated. For ſuppoſe 1 were to abbreviate 


4 q or reduce . its-loweſt Terms; it is only taking 
« N away ſuch "= or Quantities as are alike out of 
| I the Numerator and the Denominator, and the Work 
4 is done. Thus in the above MHheebraie Fractis T 
; I find ö both in the Numerator and Denominatr 
I therefore by a from both, 1 have —— in its 


c 
oweſt Terms = ——, But this you. will ſee more 
| be 
pf in Caſe 4. of Algebraic Fra#ttons. 
3 Tyr. Is there no other Method of reducing a Haec- 
81-1 to its loweſt Terms, becauſe it is difficult to find 
Figures that will divide ſome Frans. 
= Phi. Tis true, for that Figure which will divide 
"ne, will not perhaps divide the other, therefore 
"Where is a Way to tell what Figure will do it at one 
3 0 
yr. That mu mighty pretty, pray let's ſee it? 
C 
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CASE 
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CASE 5. 


Another Way to reduce a Fraction to its Inveſt Term: : 
at one Wark, (Euc. 7, Pr. 1, 2, 3.) ; 


f 
Divide the Denominator of the Fra#im by it 
Numerator, and if any Thing remains, divide your 
former Diviſor by it, and if any Thing yet remains, 
divide your laſt Diviſor by that; thus proceed till 
you have Nothing remain, and then ſhall your laſt? 
Diviſor be a Common- Meaſurer, that will infallibly ? 
divide both the Numerator and Denominator of the 
given Fraction into its loweſt Terms at one Work. 
Tyr. Pray give me an Example, and explain it in 
Words. 15 


Phi. I will. 


wy 
I 
P 
k 
5 
N 


"yg 
72 
18 
{ 


* 
14 # 


EXAMPLE TI. | 
Reduce 251 to its loweſt Terms by a Common-Meaſurer,% 


Firſt, I divide 252 by 147 the Numerator, and 
it goes once, and 105 remains over; this 105 | make 
now a Diviſor, and the laſt Diviſor (viz. 147) 
Dividend, and find it contains once 105, and 42 re 
mains over; by this 42 J divide the laſt Diviſor 10 
and find 21 remains; and laſtly, by this 211 divide 
thedaſt Diviſor 42, and find Nothing remains over 
Ss is the laſt Diviſor 21 a Common- Meaſurer, that wil 
reduce the given Fraction 347 to its loweſt Terms 
once; for dividing the Vumerator 147 by 21, Thaw 
7 for a new Numerator ; and dividing 252 by 21, 
_ 12 for a new Denominator : and thus I fin 

— 14 · 4 


* Ex, 


"i 
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| EXAMPLE 2. 
m: : Reduce I to its loweſt Terms by a Common-Meafurer. 


| 574) 861 (1 
its 5 | 574 
out —— 
ins, Com. Meaſure 287) 574 (2 
till ; 574 
laſt | - x, _—_—_—_ 
ibly 2 8 3 
the 3 Num. 
. 287) 574 (2 New Num, 
t in 874 

oy * 

2 0 ö 

F 4 

2 Denom, 


287) 861 (3 New Denom. ” 
861 | 


and | O 
jake Auſ. 4 f 
59 


3 Tyr. I underſtand it well ; but pray ſuppoſe a Frac+ 
logen cannot be abbreviated by a Common- Meaſurer 
vid dy its proving an Unit at laſt ? 
ver 


Phi, Why then it is in the loweſt Terms already: 


176 


Puch a one i 


1 A 
s 28 Tyr, Very 1 Pray are there no more Caſes in 
hav Reduction? ; 
4 Phi. Yes, here follows, 

ny | 


Casmn 


as _.* REepucTION of 


CASE 6. © 


To n a Compound Fraction to a. Simple · one i jen 
the ſame Value. is 

| { ſig 

Rule is, NP? : 0 


Multiply all the Numerators one into another for 
a new Numerator; then multiply all the Denomina- 
tors together for à new Denominator, ſo ſhall this 
new Frattion be equal to the Compound Fraflies) þ 
given. 

Tyr. This is ſo eaſy I think I can do it direMly ; J 
pray try me? 

h:. No Doubt, for it is only common Multipli- | 

Cation, | 


| EXAMPLE r. 
Reduce 3 of + of 4 to a Simple Fraction. 
Tyr. I ſet down all the Numerators thus, 2 
5, 


Then 1 multiply all the Denam. 10 


— 


a ; 
18 e "» 
4 b 


New Denom. 72 
Anſ. 7% = 77 5 7 


3 Mn! 


2 
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. Phi, It is very right, Tyrunculus,; but 
V hat this there is a Character uſed for Multipli- 
C cation which will mightily ſhorten the 
" eie. Work, and take up leſs Room; beſides 
is frequently uſed in Algebra. This is it (x,) and 
| ſignifies that all the Numbers between which it 
Bands are to be multiplied together. Thus 4 x 6 x 2 
E48. Pray remember it. 
or BY Tyr. I know your Meaning immediately. Thus 
ga- multiplied by 8 is 4 * 8, that is 32. So 3 x 2 
his 5 = Zo. ls it ſo or not? 
ion Phi. You are very right; now ÞIl try you with 
other Sum. 7 
yiT 


A EXAMPLE 2. 
i ; Reduce 5 of + of 4 of 5x to à Simple Fraction. 
4. 
> | 


8 Tyr. I multiply all the Numerators 'together, 

Thus 5 x4x3 x 11 = 660 for a new Nume- 
I tor. 1 

Andy x 5 * 4 x 12 = 1680 for a new Denomi- 

tor. 

Jo is 1828 of 4 of Z of 1! 2 

Pbi. It is very well done Tyrunculus, now we will 

dceed to ; g 

* | Pg 

l CASE 7. 

reduce Fractions of unequal, or different Denomina- 

ors, to Fractions of the ſame Value, having but one 

ommon Denominator to all the Numeratars, | 


Rule is, 
ulriply all the Denominators together for a com- 


n Denominator; then take each Numerator, (be- 
| Zinning 
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ginning at the firſt) and multiply it into all the De- 
nominators except its own Denominator ; ſo ſhall | 
theſe different Products be new Numerators to the 8 4 
common Denominator, equal to that Fraction whole 
Numerator you multiplied into the Denominators, | 
which placed over the common Denominator, and | 
the Work is done. Do you think you could do this 
directly? 
Tyr. No, this is not ſo eaſy as the laſt Caſe. Pray 
ive me one Example at large, and then I'll tr 3 
hat N. N. Phi. I will. Pray . N. 
and C. D. ſignify new Numerator, and C. D. 
 fegmify. common Denominator. q 


EXAMPLE 1. 


Reduce 5 25 A and + 85 10 Fractions of the fame Value, F 


having a common Donominator. © 
4 N 7 

J. J. 1. L 

\ Firſt 3 then 2 and 3 and 5 ; 
5 5 | 3 5 

—— — — — Þ el: 

I 10 9 | - er. 

; 8 . ; ae 


C. D. 120 N. N. 80 N. N. 72 N. N. 75 Who 
Anſ. +33 = 3, for 80, is 5 of 120. Alſo +14 = , 
HET 75 » 10 7 of Iſo +58 "l 


Tyr. Tis fo plainly dens, that I think I can dof 
another Example. 


4 
Phi. Poſſibly you may, as * take good Obe. Ex. 
vation. ; 


3 Ex-l 6 


| * 
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- | EXAMPLE 2. 

the Reduce 4, Þ q and 4, to Fractions having a commont 
ole | Denominator. | 
"3 Tr. Firſt then, 5X b * 8 x 4 = 960 ir” 


hi; common Denominator. Then 4 Xx 6X8 X 42 

768 N. N. And 5X 5 X8X4—800N N. 
Again, 7 X 6 * S4 = 840 N. N. And laitly 
XS „ GX 5 = 720 N. N. Theſe new Nu- 
N. I merators plac'd ovef the common Denominator, 1 
D. find the Anſwer to be 358 , 828 = 8, 378 1. 
and 338 =+$ Is it right? 

Phi. Vou ſurprize me, to ſee 2 ſo apt; 
what Care is! You have no Occaſion for more Er. 
amples in this Caſe. We will paſs on then to 


CASE 8, 
To reduce Fractions of one Denomination to another. 


This conſiſts of two Parts, aſcending or deſc rte. 
Ind firſt of aſcending. 


When a Fraction is given to be brought from a 
eſs to a greater Denomination, then ſet down the 
Faction, and make a Compound one of it, accord- 
ing to the Denomination it is to be brought into; 
and this compound Fraction is made by conſidering 
ow many of the leſs make one of the greater; then 
educe this compound to a ſimple Fraction, and you 
will have'a Fraction of another Denomination, equal 
n Value to a given Fraction. 

Tyr. This is a hard Caſe, this is not underſtood 
dy bare reading, 

Phi, It is harder than ſome of the reſt; but an 


r * 


oy IS» . 11 
E P 


ut, * 
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7 80 EXAMPLE I. 
Radu 4 of a Penny to the Fradtion of a C. Sterling 


ow — as —_ make a Shilling, and 
20 Shillings a Poun make a compound Fraction 
of + thus, * 


nn i. „ 0 


| Jof of 8 of af. 

Now this reduced to a a fomple Fraction, viz. 3X 1 | 
X 12 3 N. N. and 5 X 12 X 20== 1200 N. D. 
So is rxe$ of a 4. = of a Penny. | 5 

Otherwiſe make a nf Frafion of it at once; 
that is, 240 Pence make a /. Sterling. Then it 
will be 2 of x75; this reduced to a imple Fraction, is 
re of a 6. = 4 of a Penny as above. 3 


— 


-  Exanrig2. i 

Reduce 1 of a Farthing to the Fraction of a Guinea, 1 

Tris will be 3 of 4 of K of x} of a Guns. 
Now'3X1X1X1=3N,N. and 4X 4x 

14 X 21 — 4032 N. D. 80 is 7634 of a Guinea 3 

== of a Farthing. - 


q 
"FE 
is to be brought from a greater to a leſs Denomina- L 
tion ; therefore, as you multiplied the Denominator 
of the given Fraction by the Parts contained in the 

"Integer in Reduction aſcending, ſo now here you muſt 4 
multiply the Numerator of the given Fracion by oh q 
** i { , e } 


% 2. DESCENDING. | 
In deſeendi you are to conſider, that the Fraction 


I 


Phi, Do ſo. Now, n we are come to the 
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ſame Parts, and you have the Anſwer. Or, which 


is all the ſame, only invert the Parts contained in the 
Integer, (that is, turn them topſy-turvy) and make 
of them a compound Fraction as before, then reduce 
it to a /imple Fraction, and it is done. | 


EXAMPLE I. 
Reduce 4 of a C. Sterling to the Fraction of a Penny. 
Here I conſider that a Shilling is 28 of a C. and a 


| Penny of a Shilling, therefore I multiply the Nu- 


merator 4 by 20 and by 12, and the Product is 960, 
which I place over the Denominator, thus 249. 80 


is ©} of a Penny equal to 4 of a & or 16 Shilling. 
a 


Or, by inverting the Parts as above directed, it 
will be 4 of *? of A a compound Fraction, which re- 
duced to a ſimple one, viz. 4 X 20 X 12 = 960 N. N. 
and 5X 1X1 =5 N. D. To prove this we will 
try Example 2. of Reduction aſcending. 


- EXAMPLE 2. 


* 


0 Keduce 5551, of a Guinea to the Fraftion of a Farthing, 


Here 3534 of 1 of '} of $. 
Now 3X 21 x 12 x 4 = 4032 N. N. 
1 7 


And 40ũ 3a X 1X 1 X 1 == 4032N. D. This 
Fraction abbreviated is = 4 of a Farthing, So is 2 
of a Farthing = 7534 of a Guinea, as in Example 2 
of laſt Rule. 2 | 

What do you ſay to this Caſe, Tyrunculus ? 

Tyr. I think I-underſtand it pretty well; however, 
I will look it over again, and try at other Examples. 


moſt 


* 
* 
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mot uſeſul and pleaſant Caſe of all, which is to find | 
the true Value of any Fradion. | | 


Tyr. That J ſhall like I Know. „„ 
- Phi, Pray obſerve carefully the Rules and Ex- 
amples, and I dare ſay you will will work any of hem 
directly after me. | | 
| CAE 9. i 
To find the Value of a Fraction in Money, Weight, or | 
| Meaſur . 3 


| Rule is, 4 
. Multiply the Numerator by the Parts contain'd in 
the Integer to which it belongs, always obſerving to 
begin with that Part neareſt related to the 1 1 
then divide by the Denominator, and if any Thing 
remains, multiply it by the next greateſt Part neareſt 
related to the Integer, and divide again by the Deno- 
minator. Thus proceed till you can reduce it no 
lower for Want of Parts in the Integer, and the 
Work is done. s I 
Tyr. I muſt beg one Example at large, ' 
Þbsz. You ſhall, and you will no more to 
underſtand the Caſe. ; 


_ExXAMPLE I. 


What is the Value of A of a /. Sterling! 2 

Firſt, in Order to find the Value of this Faction, 

I eonfider the next neareſt Part related to a C. and I 
find it to be Shillings. Now becauſe 20 Shillings 

make a C. I multiply the Numerator 3 by 20, and 
it is 60, which I divide by the Denominator 32, and 
have 1 in the Quotient, which is 1 Shilling, and 

28 remains over; this I call 35 of a Shilling. Now Z 

as 12 Pence make a Shilling, multiply 28 the Nume- 2 
> © $35 | | rator Xx 


* 
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rator by 12, and it makes 336, which I divide alſo 
by the Denominator 32, and the Quotient is 10, 
which is 10 Pence, and 16 remains over; this I call 
of a Penny; then as 4 Farthings make a Penny, 
I multiply the Numerator 16 by 4, and it is 64, 
which I divide again by the Denominator 32, and 
the Quotient is 2 Farthings, So that I find x3 of a 
L. to be 1s. 10d. 3. See the Work. 


32) 336 (104. 
32 


16 
4 


2332) 64 (297% 
« | «1 1 


O 


Anſ. I 5, 10 d. 39 


D 3 When 
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Wat. is the 21 of a Midre. 
| vw} , 
+ ? 
27 
A | | | f 25) 108 (45. 
— 100 
e e C 
8 8 
12 Hol. 4 ; 2 1 
e An 2 3 1 di 
— 42m 
* 1 
i zw 
25) 84 (3grs. Me 
75 For 
5 Nu: 
* 9 


Queſtions to be tried, | 
What's the V N | 
ef eee Dus, © dof. I 7. 9 1b Sex. 5 dun. 1g. by 


bat's th | {3 
433 ofa Year ? : 2 N — 36% 517 1 


t To find the Value another May. Fri 
*Fthe 

Suppoſe I wanted to know the 21 of a C. os iF* 
the xj of a Moidore, ba 15 4 " 


* 

5 
This 
of "I. 
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This is done only by abbreviating the Numerator, 
and bringing it down to — then will the Frac- 
tion be 11 of a /. then multiply the Value by che 
Numerator, and you have its true Value. . 


Firſt, What is the 11 of a C. Sterling 


I abbreviate the Numerator to Unity or 1, and 
= conſidering what 24 of a C. is, I find it to be 15, 
$4. this I multiply by 5 the Numerator, and it 
makes 8s, 4 d. which is the Value of 11 of a (. 
Sterling. Again, f 


What is the 14 of a Moidore ? 

I conſider that r of a Moidore is 15. 6 4. then by 

I multiplying by the Numerator 7, I have 10 s. 6d. 

which is the Value of +7 of a Moidore. 

NM. B. I fold you in Dial. the 24, Obſerv. 1, that 

every /imple Fraction's Value was leſs than an Integer 
Wor Unity, and that the Value of an improper Frattion 


was more, ( bſerv. 2.) To prove which let us take 
any two Fractions, one ſimple, and the other im- 
proper, and ſee what their Value is in Relation to a 
BL. Sterling. | | ; 


p 


EXAMPLE 1. | 
Seppoſe the Simple Fraction to be .F of a . 


I find +4 of a C. to be 15. 8 d. therefore 42 is 9 


Limes 1s. 84. = 155, Now 155. wants 5s. of 
os he whole Integer or 1 /. therefore the fimple Frac- 

ion 12 is leſs in Value than the- whole Integer or 
WU nity, by 5 Shillings, Now contrary to this, an 
proper Fraction's Value is more than the * 


2. 
14. 


s 


32 Rr DUO T TOR of 


itſelf; and its Value is greater or leſs according to 
the Largeneſs of its Numerator. - $ 


% 


EXAMPLE 2. 
What is the 1 of a .. Sterling? { 


This being an improper Fraction, I divide the Nu- W— 
merator 25 by the Denominator 4, and it gives 6 
whole Integers, or 6 /. now as one remains over, it 
is I of a (. which is 5. Sol find *4 of a £ to be 
64.55. Do you underſtand it, Tyrunculus Z 
yr. Had you only ſaid it I might have been at a 7 
Loſs ; but you have demonſtrated it ſo plainly, that! 
muſt be quite dull of Apprehenſion not to ſee the c 
Nature of it. Bar 
Phi, I am glad you underſtand me; and pray do 
you think you underſtand all the 9 Cafes in Reduction 
ſo as to work them now off Hand; for if you do 
not (at leaſt all but the 87h, that being not ſo much i; 
wanted) I freely tell you that you will be at a great 
Loſs ; for the next four Rules depend wholly upon a 
true Knowledge of Reduction. 1 
Tyr. You 40 well, Philomathes, to take ſuch Care 
of me, and I hope every Learner will take your Ad- 
vice; but for my own Part, I can ſafely ſay I under- 
ſtand Reduction quite perfectly. . 
— 5 Well, if ſo, we will proceed directly to Ai. 2 
ion, 51 - 
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DIALOGUE Il. 


Of AppiTION, SUBTRACTION, MULTIPLICA= 
TION, and DIVISION, of VULGAR FRACTIONS. 


e — » „ * 8 
** e * 


n 
w. 
— 


n 


be Of Apprriox of VULGAR, FRACTIONS, 
ta Tyr. H OW is Addition of Fractions performed? 
at!“ Phi. By this one general Rule, viz. all 


the ¶ compound Fractions muſt firſt be reduced to ſimple ones, 
and all Fractions to a common Denominator, (by 


do Caſe the 6th and 7th of Reduction;) then add all the 
710n Numerators together as in common Addition, and 
do place their Sum over the common Denominator 
uch and if it be an improper Fraction, reduce it to a mixt 


eat 


Number) by Caſe 2. in Reduction) and you have the 
na 


um of all the Fractions. 


— 


are 


EXAMPLE I. 
Ad- | 
en- Add 5, 5, | together. 


Here becauſe the Fra#ions. have all one common 
A. Denominator, I only add the Numerators 2, 1, and 
4 together, and their Sum is 7, which. J place over 
The common Denominator 5, and the Sum is 4 an 


improper Fraftion, equal to 1 2 A: 
EXAMPLE 2. 


Add tt, 11, ut and i} together. 
A- 42. ft 24. 


* 


Tyr « 
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Tyr. This is mighty eaſy ; the Rule is ſo plain one 
cannot well miſs. 


Phi, Now 1 will ſet you a Queſtion, Tjrancul i * 


EXAMPLE 3 
Add J, i, {, and + tagether. 


Dr. I am afraid you have puzzled me; but int 
a little, let me find it out myſelf. —I ſee how it mul ö 
be done, I muſt reduce the Fractions firſt to a com · 
mon Denominator, and then add the Numerators to 
_ as yo have done above, Muſt I not ? ; 
| have it I perceive. 1 

75 Firſt then, to reduce the Factions to a com- 2 
mon Denominator. 8 


I multiply 3x 2x 4x 6 2 10 D. Then 2 


1 
x 2X 4X 6 96 N. N. Then 1X 3X 4 X 6 = 
72.0. e, N. N. 
5 4K 2 3 120, that I find ibe 
kee. are as fol "has 
N. ber 
C. D. 1 10 72 e 
— 108 and 
120 


Their Sum 396. which placed over the 
common Denominator 144 144, ſtands thus, . this 
by Caſe the 2d. in Reducl ion, = 21 12 59 that is, 25 
the Sum of 3, 2, 4, and gl. | 


Phi. It is quite right, Tyrunculus, E ſee what] 


it is to mind the. Rules givea for Inſtruction ; yorſ k 
WII N 
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vill do that already which will coſt a careleſs Reader 
ot Wen Times the Trouble. Come, I'll try you with 
7 Tye. With all my Heart. 
EXAMPLE 4. 
Phi. Add + of 4 of 4 and + of | together. 


in Tr. Let me fee: I muſt firſt (by Cafe 6. of Re- 
nut tion) reduce the compound to rations, and 
om - hen the Fraftim to a common Denominator, and 

Proceed as before. Firſt then I multiply all the Nu- 


Wnerators together, viz. 2X 4 X 32 24 N. N. 
hen 4x 5 Xx 4 = 80 C. D. So is 18 2 f of g of 

. Then the other compound Fraction, viz. + of 4 
educed, is = 3F . So the two ile Fractiam to be 
aded are 38 and 38. Theſe I reduce to a common 
ZDenominator, as in Example 3, and find them to 


om - 


n 1 e 3355 and 3728. Then have I nothing to do but 
6 = ad che Numerators together, and their Sum is 2752, 
N. rich I place over the common Denominator thus, 
_ the ids, and this I apprehend to be the Sum of 3; of 4 of 


and 4 of . ls it ſo or not? | . 
8 Phi. It is, and I am proud to ſee you ſo well 
Frounded in the Rules of Reduction: However, I 
hink I can poſe you the very next Queſtion, Will 
ou try at it? * 

= Tyr. To be ſure I will; for I imagine you will 
Ihew me if I cannot do it? | 


Phi. You need not doubt—Come then. 


this 4 EXAMPLE 5. | 

25 Add 4 C. 1, 7 £ J, of 7 and 1? together. 

Wh Yu. — — 

v0 F. 1 thought I ſhould puzale you; however, be 


O diſcouraged. 0 Tyr, 


ADD1T1ON of 


Tyr. There is Nothing that. puzzles me but the laſt 
Fra#ion , for I am not certain whether it belongs | 
to the compound Fraction that ſtands before it, or whe- 
ther it be a ſeparate Fraction by itſelf, 2 

Phi. It cannot belong to the compound Fra#ton, be. 
- Cauſe the Word of is not between them. There are 
two Ways to do this and ſuch like Queſtions ; but the 
ſecond is the ſhorteſt and eaſieſt Method in my Opi- 
nion. I ſhall therefore only tell you the Way to 
work it, and leave you to try it by yourſelf at large“, 
Obſerve then, | b 

2 


METHOD i. 


Reduce the compound Fradtiam 3 of 2 to a fimple- | 
one, which is x39. Then will the Sum be thus, Add 
4 £- i» 7 4+ and 15 together. Now by reducing 


the mixt Numbers 4 4 and 7 into improper Frac- "i wh 
tions, I have *$ and 11. Then may. the Sum be the 
read thus; add 14. I and 1+ together. Theſe ,. 
Fractions I reduce to a common Denominator as Were 
in Example 3.) and find them to be *438, 318 and De 
428. heſe Numerators add together, and di- Nu 
vided by the common Denominator 720, gives 12 in Win t 
the Quotient, and 408 remaining over. So is the 
Anſwer, 12 C. $33 = 12 L. 11s. 4d. „ thir 


METHOD 2. 


The ſecond Way is certainly the beſt, becauſe you 
have no Buſineſs to meddle with the whole Numbers, 
but only with the Fractions, and then add their Sum 
to the whole Numbers afterwards. 15 


It is ſuppoſed, that the Learner by this Time knows how to te- 
duce mixt Numbers to improper Frafions, and Compound to Simple- oni 
having had fo many Examples of both Kinds, ©, 
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The Fractions are 3, J of 3 and 11. Now 4 of 4 
= 1. Therefore add 4, +5 and 14 together. 

Theſe Fractions reduced to a common Denomi- 
nator will be 542, 533 and 328. Theſe Numerators 
added together, and divided by the common Deno- 
minator 720, gives 1 whole Number in the Quo- 
tient, and 408 remains over. So is the Sum of the 
Fraftions only 1 7238, which I add to the whole 
Numbers as follows, and have the ſame Anſwer as 
above. 


Anſe 12. 43s as before = 12 C. 115. 44. 


Thr. This Way is the beſt I ſee; becauſe if the 
whole Numbers conſiſt of many Places of Figures, 


then by the firſt Method in reducing them to improper 


Fractions, there will be a great many Figures, and a 
great deal of Work to reduce them to a common 
Denominator afterwards; whereas, if the whole 
Numbers be ever ſo large, it makes no Alteration 
in this ſecond Way of doing it. 

Phi. Your Notion is right, Tyrunculus; and I 
think you will ſoon learn to ſubtract, you are ſo per- 
ſect in Addition. | 

Tyr. I will do the beſt I can. ; 
Phi. Well, Tyrunculus, who can deſire any further? 


Lou have done well hitherto, and I hope will con- 


inue it, We will proceed then to 


E SECT. 
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er. U. 


% 


Of SUBTRACTION of VULGAR FRACTIONS, 


Tyr. J Have heard that Sbtraction is the hardeft 


Rule in Fractions. | 
Phi. It is counted ſo by moſt Learners however, 


he that underſtands Reduction well may ſoon do it, 


as you will preſently find. 
Tyr. Pray how is it performed? 


Phi, The very ſame as Add:tion, fave only you are : 
to ſubtrat inſtead of adding, according to the Na- 


ture of the Queſtion ; but the Rule is the ſame. For 


all compound Fractions muſt be reduced to fimple-ones, | : 


and then all to a common Denominator ; after which 


only take the Numerator of the Fraction to be ſub- 
tracted, out of the Numerator of the other Fraction, 
and you have the Difference or Anſwer as in com- 


mon Subtraction, 


Ex. 1. Ex. 2. Ex. 2. 
From 42 From 74 From its 
Take 35 Take 43 Take 144 
Anſ. a Anſ. x5 Anſ. 54% 


Proof. 12* © Proof. i N Ht. 


Here in theſe three Examples, becauſe the Frac- 5 
tons have a common Denominator, I only ſubtrat Þ 
the Numerators as in common Subtraction, and, place 


te Difference over the common Denominator for an 
Antwer. I prove the Work alſo as in common Sub- 


traction; for I add the Numerator of the Difference | 
to the Numerator of the leſs Fraction, which, if the 
Work 


® 


1 Bott, 


* 
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Work be right, will be equal to the Numerator of 


the greater Fraction. Ga! 
yr. I think this is more diverting than Addition. 


Now let me aſk you a Queſtion or two if you pleaſe. 


EXAMPLE 4. 


| From ++ take 11. | 
Phi. Firſt, I reduce the Fractions to a common 


ZE Denominator, and find them 123 and 42, then E 


ſubtract the Numerator 60 from the Numerator 143. 
and there remains 83; which placed over the com- 
mon Denominator 165, gives 183 for the Difference, 


* 


EXAMPLE 5. 


From 4 of 7 take 3 of & 

That is, from z; take 53. Theſe reduce to a 
common Denominator, it will be, From $33 take 
rag.“ Now theſe are prepared for Work; therefore, 
by ſubtracting 96 from 420, I have 324 remaining. 
So is 328 the Difference between 4 of 7 and 2 of 4. 

Tyr. There can be Nothing eaſier than theſe Ex- 
amples; he that underſtands Addition cannot mils 
Subtraction indeed. But till I have taken Notice of 
one Thing, which perhaps if I mention you will 
laugh at me. 

Phi. Why ſhould you think ſo; that would be 
highly baſe in me, when I have before defired you 
to aſk me any Thing that you are doubtful of; there- 
fore pray let's hear it, it may perhaps be of more Ser- 
vice than you are aware of ? N 

Tyr. It is this then: In all the foregoing Examples 
| perceive that the Numerator of the Fraction tꝙbe 
ſubtracted is leſs than the Numerator of the Frac- 
tian you ſubtract from, which makes all the Examples 

E 2 quite 
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quite eaſy : But ſuppoſe the Numerator of the Far- 
tion to be ſubtracted be larger than the other Frac- 
tion, where can I take it out of then, and how muſt 
I proceed in ſuch a Caſe? 

Phi. You were afraid I ſhould laugh at you, but I F 
aſſure you it is a very material Queſtion, for this is 
the moſt difficult Part of Subtraction that Learners 
meet with. The Rule then is this : 

N. B. When the Numerator of the lower Fraction P 
(that is, the Fraction to be ſubtracted) is larger than 
the Fraction you ſubtract from, than take the ſaid 
Numerator out of the common Denominator, and 


to that Difference add the top, or leſs Numerator, P 
ſo ſhall this be a new Numerator to be placed over 
the common Denominator, and you muſt carry one F 
for borrowing out of the common Denominator, as 1 
ou do when you borrow in common Subtraction, 
when the lower Figure is larger than the Top-one. A 
Tyr. This is quite plain, and caſy enough to be 
performed I ſhould think. P 
Phi. Eaſy; can a Thing be hard, when the 
Rule hid down to work it by tells you how to pro- 
ceed in every Reſpect? However, I will try you with 
2 Queſtion, | of 
| EXAMPLE 6. 
From 24. 10 take 19 4. 18, - 
Tyr. I try to ſubtract the Numerator 6 from the ri 
Numerator 5, but cannot; therefore by the Rule 1 to 
take 6 out of the common Denominaton 10, and to 
there remains 4, to which I add the leſs Numerator 5, ye 


and that makes 9, which I place over the common 
Denominator 10, and it is 58. Then becauſe [ 
borrowed out of the common Denominatior 10, I 


carry 1 to the whole Number 19, and it makes 20, 
5 which 


r PW RO. 


4 CD oY 


— 


2 — — © 


— — 2 


＋ 


the Difference 410. as under, 
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which I ſubtract from * and there remains 4. 80 is 


ExAMP. 7. 
14. 
From 24 55 From 419 Is - 
Take 19 78 Take 147 + 
Anſ. 4 53 Anſ. 271 35 
Prod as in Ex, 24 18 Proof 419 4% 


— — 


Phi. 4 Proof of - EXAMPLE ©. by common Subtractiom 


"SER 
From 24 185 that is, 24 ro, by Cat: 9. of Reductions a= 
Take 19 Ts, that is, 19 I2 


—— nT— ; 


Anſe 4 12, that is, 4 18 Difference. 


— 


Proof 24 18, that is, 24 10 


Tyr. This is pretty to ſee the Proof of one Rule: 
of Arithmetic by another, 

Phi. You may prove any of the four Rules in 
Fractions by common Arithmetic as well as this; for 
they will come exactly alike if you proceed in a- 
right Manner. Well Tyrunculus, you ſeem to me: 
to be qualified for Muliiplication, but I have a Fancy 
to try you with one Queſtion more, which will make: 
you Maſter of Subtraction. 


E 3. Ex» 
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EXAMPLE 8. D 


A lent B 240. 5 of 4 of 3; and B paid him 176 U. 
17 4%; what is /till due to A? 
Tyr. I proceed thus: | 
A 240 C. F of 4 of 5; and B 176. Jof 1. 
Now 2 of j of 3 x42; and 4 of 17 = 44. Then 
2 and #4, reduced to a cominon Denominator, 
will be 22428 and 17238. Thus are the HFactions 


prepared, and will Kane thus. 


22 
A lent B 240 25298 
B paid him 176 25465 Then by Ex. 6. 


7 find the ibn 63 24805, ; which, (by Caſe q. 


in Reduction, is 934 1135. 2d. 19. 12128. 

_* Phi, I muſt needs ſay it is a Pleaſure to me to in- 
ſtruct you, BHrunculus. I have but one Thing more 
to obſerve to you, and then we will go to Multiplica- 


tion. 


Note. When you are to add or ſubtract the Frac- 
tion of a Farthing or a Penny from the Fradtian of 
a (. or Guinea, 2 then (by Caſe the 8th. in Re- 
duftion) reduce the Fraction of the one, and make it 
equivalent to the Fraction of the other, and add or 
ſubtract as the Queſtion requires, you have the An- 

ſwer. And thus much for Subtraction. 


* 


SECT. III. 


— 
** 


| * MULTIPLICATION of VULGAR FRACTIONS. 
55 OW is Multiplication of Frattions per- 
formed ? | 


Ph As in common Arithmetic, ſo alſo here are 


two Parts or Factors given, viz. the Multiplicand and 
Multiplier. 


fo 


re 


7. 


/ 
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Mu'tiplier, When therefore. you have reduced the 
mixt Numbers to improper Fractions, and the compound 
to /imple Fractions, the Rule is, multiply the two Nu- 
merators together for a new Numerator, and the Deno- 
minators together for a new Denominator, and you 
have the Product or Anſwer; which, if it be an 
improper Fraction, reduce to a mixt Number, and the 
Work is done. \ | 


EXAMPLE I. 


Maltiph + by l. 
Anſ. 38 = f. 3+ 
EXAMPLE 2, 


Multiply It by, f. 

Here 42 x 24 = 1008 N. N. and 56 x 38 = 
2128 N. D. Anſ. 4721. * 

Tyr. Nothing is eaſier than this indeed. Pray try 
me with a few Queſtions ? | 

Phi. IJ will; and I am fully perſuaded that you 
will work moſt of them, if you rightly obſerve the 
Rule,- which pray look at once more, leſt you be not 
perfect in it. 


% 


EXAMPLE 3. 
Multiply *2*4 by 38. 
Tyr. Firſt 4765 x 14 = 66710 for N. N. and 
9 * 29 = 261 N. D. Anſ. *©13%? = 255 484. 
Phi, You are very right, 
: EXAMPLE 4. 


 Multiph 4 of Fly 4 of . 
Tyr. Firſt 5 of 3 28; and 12 5 = 34; there- 
fore I multiply 48 by 34, and the Anſwer is 1898. 
Now I Il aſk you one, if you pleaſe, + 
li. Þ ray do. Ex- 


— 
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EXAMPLE 5. 


Tyr. Multiply 41 C. + by 12 /. 4. 

Phi. Theſe being mixt Numbers, they are equal 
to improper Fractions, that is 411 = 22} ; and 12 
+ = 14; that is, £22 and 44. ow 209 X 5I = 
ro65g; and 5 Xx 4 = 20; ſo that the Anſwer is 
£2$22 which reduced to a mixt Number, is 532 22; 
that is 532 C. 19%. | 

Tyr. Now I think I can do any Queſtion in this 


Rule. 
Phi. Perhaps ſo; but it runs in my Head that I 


can puzzle you in one of the two next Examples. 
EXAMPLE 6, 


' Multipiy 14 L. 1 of 8, ty 94 3 of 1 
Fr. I know I can do this. Firſt, 4 of $ = 14, 
viz, = ;; and + of 1g = 4, viz. = 3, There- 
fore I multiply 14 . } by 9 L. 3. Theſe reduced 
to improper Fractions will ſtand thus; multiply #+2 by 
7.2, Now 117 X 19 = 2223 N. N. and 8 x 2 = 


—_ 


16 N. D. that is, #*22 Anſ. = 138 18 2 138. 18. | 


94 | 


Phi. Very well done; and the better becauſe you | 


abbreviated the Fractions F4 and 4+; for which you 


will ſee the Reaſon given in the Method of Abbreui- | 


ations, Dialogue 4. Sect. 2. Now for the ſecond 
Queſtion, /Tyrunculus. 
Q 


EXAMPLE 7. 


_ Multiply 14 C. $ by 13 {+ 


Br. Let me ſee 14 L. $& by 13 {.—Why here is 
but one Fraction given, — I believe you have ſet me 


- 
o 
- 


now indeed. Phi. 


Po AA V td As 


bag oo 
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Phi. It was but this Inſtant that you ſaid, you 
believed you could do any Sum in the Rule, — Why 
don't you make a Fradtion of the whole Number 13? 


al Tyr. I muſt know how firſt. 

12 Phi. O for Shame, don't you know, ſo plainly 
= as I told you in Dial. 2. Obſerv. 4. Pray don't for- 
is get your former Inſtructions, and then blame me; 


85 I thought this would put you to a Nonplus: How- 
ever, it is the firſt great Error you have committed, 
ſo we will paſs it by; bat pray be more careful for 
the Future. I told you to make a Fraction of a 
whole Number, is only putting Unity under it. Thus 
I2is = 74, | 

Tyr. I bluſh to think I ſhould be ſo remiſs. How- 
ever, pardon me, I know now eaſily how to per- 
form it: For 14 $ g;; and 13 =+7+ ; therefore 
by multiplying Ag by ++, I have £223 = 1893; that 
ie, 189. 45. 5d. 44 or 3 of a Farthing Av/. 

Phi, Very right, Tyrunculus; and now I ſhall 
make ſome Obſervations, which, tho' already knowga 
to ſuch as are well verſed in Yulgar Fractions, yet, 
as they are not taken Notice of by any Author I am 
acquainted with, it may be ſerviceable to you and 
13 others, | 

NoTE 1. 


nd | When one ſimple Fraction is multiplied by ano- 
L ther, the Product will be a /imple Fraction, therefore 
the Anſwer is leſs than Unity. It will be alſo leſs 
than Unity when one compound Fraction is multiplied 
by another, provided they be compounded of impis 
Fraftions. (See Obſerv. 1. Dial. 2.) Thus in Example 
1 where + is multiplied by 3, the Anſwer is but 2; 


re 9 that is, & of 2 . multiplied by 4 of a C. is but E of 
me a, or 10 Shillings, | FRY 
Eli. Nora 
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N-. o 1 E 2. 


| Contrary to this, one improper Fraction multiplied 
by another is more than Unity, Thus if you take 
the Fractions in Example 1. and invert them, it will 


be + of a ,. multiplied by J of a ,. and the Anſwer |} 


will be #3 = 2 whole Integers, or'2 (. So that the 
Product now is juſt. four Times more than it was 


before. 
NoTE 3. 


When a fimple Fraction is to be multiplied by or 
with an improper Frattion, the Product will be ſome- 
time a ſimple, and ſometimes an improper Fraction. 
Thus F multiplied by g produces the /imple Fraction 
. FS but? multiplied by à gives 24 an improper Frac- 
tion for the Anſwer, * | 


NOTE 4. 


When the Numerator of one Fra#ion is equal to 
the Denominator of the other, and the Denomina- 


tor of it equal to the Numerator of the other, then 


will their Product be Unity or 1. Thus F multi- 
ply'd by 2, the Product is 13 = 1. (See Dial. 2. 
aged 3.) So alfo 11 of . 
= 11. 
Tyr. Theſe Obſervations are of great Service to 
ground any one in the right Notion. of Multiplica- 
tion. But pray is there no Method to prove this 
Rule? 
Phi, Certainly there is; and this is the Beauty of 
Arithmetic, that it admits of the Proof of itſelf divers 
Ways by diverſe Rules. For Inſtance, Suppoſe J of 
a C. were multiplied by *+ of a C. the Anſwer is 4 
=x 204. | | 


into . of af. = 7 | 


PROOE. 


—— VO wy 


ampound Fractions as before directed, to ſimple or im- 
proper Fractions, the Rule is, Multiply the Numera- 


„ 
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PRO Ox. 


— 


as above, c. c. c. 

Tyr. I am highly obliged to you Philomathes, for 
your Care in giving me ſo many Examples. Pray is 
there any Thing more worthy my Notice, or neceſ- 
ſary to be known in Multiplication ? 

Phi, Nothing: I have indeed been more par- 
ticular already than I intended ; therefore I ſhall 
paſs directly to Diviſion, 


Now ** — 4. and 13 =s5, and 4X 5 =20L, 


1 „ 


Ser. IV. 
Of Diviston of VULGAR FRACTIONS. 


Tyr, H O W do you divide one Fraction by ano- 
ther? 


g RU LE 1, 


Phi. After having reduced all mixt Numbers and 


tor of the Fraction to be divided into the Denomina- 
tor of the Fraction you divide by, and place their 
Product for a new Numerator; then multiply the 
Denominator of the Dividend into the Numerator 
of the Diviſor for a new Denominator, which place 
under the new Nume1a'or for an Anſwer, Or, 


< RVUIE 
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If you invert the Diviſor, that is, turn it into 
contrary Order, by ſetting the Numerator under- 
neath, and the Denominator over it; then multiply 
the Numerators and Denominators together, as in 
Multiplication, and you have the, ſame Anſwer as 
above, = 


i 


EXAMPLE 1. by RULE 1, 
Divide f M* ail. 44: 

Same EXAMPLE by RL E 2. 
Multiply & by . Anſ. #4. 
EXAMPLE 2. by RuLE 1. 

Divide *$ by . Anſ. 111 = 241. 
Same E x A MPL E I RULE 2, 
Multiply *# by . Anſ, *54 as before. 
Tyr. I like the ſecond as well as the firſt Way. 
Phi. Uſe which you pleaſe, providing you are but 
perfect in either. There is no Occaſion for any more 
xamples, ſeeing that you have a Rule both for 


fimple and compound Fractions, However, I'll give 
you an Example or two more by Way of Exer- 


\ ; —_ 


S882 


22 2 


ut 
re 
for 
ve 
- wo 


X- 


Unity, the Quotient will ſometimes be an improper 
and ſometimes a_ſimple Fraction. 


| brought 
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ExAMPLE 3. 


Divide 41. 1 by 6L.. 4; that is, divide #22 by £4, 


Anſ. 4 * 22 24 we. 
nin for cs Fractiont. 


Tyr. I underftand you quite well. Pray is there 
any "Thing elſe to be bleed in Divifur ? 

Phi. I ſhall make a few — upon the Rule 
itſelf, * may be of Service. 


Nerz 1. 


' When an intends Fraction, having Unity for its- | 
Denominator, is to be divided by a ſimple Fraction, 
whoſe Numerator is alſo Unity, the Quotient will | 
always be an improper Fraction, having Unity for its | 


Denominator, and therefore nn y equal to 
a whole Number. 1 


NorE 2. 


e. 
* * m ** * 


When the Denominators or Numerators are not 


| NomTs 3. 


| From hence it is eaſy to perceive, that Diviſon | 
of Fractions will anſwer the fame End as common 
Multiplication: That is, a leſs Number may be 


into greater by this Div: on, contrary to 
* commos 


9 sn of 


common Diviſion, viz. Moidores, Guineas, or 
Pounds Sterling into Pence and Farthings; or Hun- 
dred-Weight into Pounds and Ounces, c. 

Tyr. What do you ſay, Pounds may be brought 
into Pence and Farthings by Diviſion? I thought 
Diviſian had made any Number % and not more 


Phi. It is true, it does ſo in common Diviſn, 


but it is quite contrary in Vulgar Fractions ; for here 
more is brought into 4% by Multiplication, and leſs 
into more by Diviſion. _ 2. 

Tyr. I ſhould be glad to ſee an Example of this 
Sort if you pleaſe; for I have heard ſome great Pre- 
tenders to Arithmetic ſay it cannot be done, 'tis con- 
trary to Reaſon. 4 | 

Phi, Pleaſe then to propoſe a Queſtion yourſelf ? 


EXAMPLE I. 


| Tyr I is required to bring 30 Moidores into Far- 
things by Diviſion only? 


Phi. And cannot you do it think you ? / 

Tyr. —— Why really at preſent I am at a Loſs. 

Phi. Pray be pleaſed to read over Note 1. in Mul- 
ziplication and Diviſion, for it is only for Want of 
being perfect in them, and truly underſtanding the 
Nature of different Fractions. | | 


Obſerve then, 


As one Part of the given Queſtion is Farthings, 
and the other Moidores, I reduce (by Caſe 8 in Re- 
duction) a Farthing to the Fractron of a Moidore, 
which Fraction I make a Diviſor; and the whole 

ata | Number 


„ RY 


e 


% 
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Number 30 I make a Fractiin of alſo for a Dividend; 

ſo will the Quotient be the true Anſwer. See the 
Work, 

By Caſe 6. of Reduction I of r of x4 = 1:55 of 

a Moidore for a Diviſor; and 30 will be 4%. Now 

2 = TI37 428122. - that is, 38880 Farthings. 


12 
Do you underſtand it? 


yr. Ves, quite well; I could not have thought 

it had been ſo eaſy: But pray what does this Mark 

— ſignify ? 

What = Phi. It is the Sign of Diviſion, and 

ln. ſhews, that the Number beſore it is to 
* * he rides by 3 * 45 
Dir. Very Well Pray try me with a Queſtion 


EXAMPLE & 


Phi. Ut is required to bring 84 Guineas into Farthings 
by Diviſion only. 


Tyr. I find (by Caſe 6. of Reductian) a Farthing 
to be equal to z of a Guinea. Then 44 — 
rovy =\84672 Farthings A/. 1 : 

Phi, Very right, and pray remember that the 
ſame is to be done by Deamal Factions, by finding 
the Decimal of a Farthing at a Moidore or Guinea 
the Integer, and dividing the tobvle Number thereby 
you will have the ſame-Apfwer. . 

From hence will naturally ariſe the ſelf-evident 
Truth of 


1 6 NorTze 


52 D1vis1oN of, Ge, 
Nor? 4+ 


That when any whole Number is divided by 2 
ſimple Fraction, the Quotient will be ſo much larger 
than the Dividend as the Diviſor is leſs than Unity; 
but when a ample Fraction is divided 2 a twhole 
Number, the Quotient will be ſo many Times leſs 
than the Dividend as the Diviſor exceeds Unity. 
Thus 5 divided by & is equal to 20; butt 5 = 

Wd 

And thus, Tyrunculus, having finiſhed theſe four 
Rules with Variety of Examples, I ſhall now exer- 
Ciſe you in them with ſome practical Queſtions in 
the Rule of Proportion; which, if d 1 obſerved, a 
- will make you a compleat Maſter of Yulgar Frac- 


« ® 


* 


Nin. ö { 


; 
7 
J 
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n _— 
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1 2 . 
= 2 


DIALOGUE IV. 
an 
The RULE of 3, in Voicar F RACTIONS. _ 
512: proud to think I am got thus far, and yet 
m 


_ 


almoſt dread the Queſtions you are going 
to e. ; 

Phi, If you be perfect in the foregoing Rules, you 
have no Reaſon to fear this at all ;. tor it is nothing 
elſe but putting the others in Practice. ; 

Tyr. Is not the Rule of 3. of Fra#tens wrought in 
the ſame Manner as the common Rule of 3. direct? 

Phi. "The very ſame, due Regard being had to- 
the Fractians. There are two Methods, the ſecond 
of which is (in general) the readieſt and eaſieſt; but 
you may take your Choice, | 


RuLE I. 


Having reduced all compoynd to fimple Fractions, 
and all mixt Numbers to improper Fraftions, then ſtate 
your Queſtion by making the firſt. and third Num- 

er of one Name or Denomination; this done, Mul 
tiply your ſecond Number by your third, and divide by. 
your firfl, and you have the Anſwer. Or, 


RuLE 2. 


Having reduced the Tractions, | and placed the; 
Numbers in Order as 3 directed, Multiply the 
Dinominator of a Ta” umber inte the Numerator 


4 1 
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of the ſecond and third for a new Numerator ; then 
multiply the Numerator of the firſt Fractian or Num- 
ber mto the Denominator of the ſecond and third, "oo 
a new Donominator, which place under the new Nu- 
merator for an Anſwer. | | 


ExAnPLE 1 
if * of a Yard aft of a C. what oft 25 & Yards. 
Rs 13 K 25 z. „ 


8 
Now 224 x 2 ;; this — 4 2 4422 — 
28 C. 144 26 C. 95. 5d. 19. 174 . 

| Or, ly RULE 2. 

Having ſtated the Queſtion thus, If 3 — $ — 32+, 


I multiphh the Denominator of my firſt Number (viz. 4.) 


into the Numerators of the ſecond and third (viz, 5 
and 205) and it gives 4100 for a NM. Numerator. 
Then I multiply the Numerator of the firſt (viz. 3) 
no the Denominators of the ſecond and third, (viz. 6 
and 8) and it gives 144 for a N. Denaminator. Sa 
is the Anſiuer 444, = 2 4 144 as above. 

Tyr. I think as you fay this ſecond Method is the 


veſt, if it were only becauſe it ſaves the Trouble of 
Diviſion. 3 | 

Phi. It is the beſt Way in your plain eaſy Queſt- 

| Jons, but in ſome Reſpects the firſt Method is moſk 

praQticable ; however, either Way you ſee os 

* a < _ 


17 
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the ſame End, and therefore you may take either of 
them, as Practice or Fancy may direct. 

Tyr. I ſhall take Care to be perfect in both. Pleaſe 
to try me with a Queſtion ? 

Phi, I will. 


EXAMPLE 2. 


if a Load of mo 2 1. 14, what 46 one 


Tyr. A Load being 40 Buſhels, I ſtate it thus: 
If *＋— 2 11—1 
4 


182 


| 191 24 Now A Xx T=; this 
— 4% = $32 of 2. which reduced, the Value of 
it is 35%. 9d. 1 Anſ. | 


SEConD WAY. 


Firſt I reduce the it Number 7 3+ to an improper 
Fraftion, and it is 143, as above, then the Num- 
bers will ſtand thus: h | 


If 412 214 — 


Now 1 x 182 X 1 182 N. N. and 40 X 24 


X 1I A N. D. So is the Anſwer 3 235. 
9d. 8 | * f 


Phi, Very well done, Tyrunculus ? 


— 


36 |  TheRuLE 7 3, 
| Bid es 12.0 * 


What i is the * of 219 45 4 + for a Year at 5 C. + 
per C 


Tyr. Here I muſt crave your Aſſiſtance. 

Phi. You ſhall have it I Words at length. * 

Firſt, If *2$ 5. + 219 +. My 24. 
and 34 Terms being mixt Numbers, I reduce them 
to improper Fractions, and they are 43 and 12. 
Now 4 x 4225 = 42814, this — the 1/4, Num- 
ber 322 gives 2 58, which reduced to 2 7 Number 
is 114. 4814, viz. 11 C. 16 f. o d. 3qrs. 4888 
488 = 1. Try it at Leiſure by the — Method. 

Tyr. I could not have thought Vulgar Fraction, 
had been ſo uſeful. 

Phi. Nothing more neceſſary than theſe and De- 
cimal Fractions, for the ready finding the Intereſt or 
Value of any Thing, eſpecially when the Queſtions 
are not in whole 2 as you will ſee by the 
following Examples, 


4, * 


EXAMPLE 4 


I Merchant males an Aſſurance upon 4 Ship and n 
(bound to a certain Part) valued at 4500 f. 154. 
and agrees to pay 16 Guineas per Cent. what comes 

| on Prem or —_ of the Aue, to P 


Firſt 16 Guingd being 16/. 26s. this in - 
tions is 16 1$ = 16 +; and 4500 f 155. is4500 f. 
This and 16, to improper Fraitions will be 


4+ and 11444. 75 Then will the Number ſtand thus: 
1 If 124 8 43— 14224, 


Now 
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Now by Rule 2. 1 X 84 X 18003 = 1512252 


N. N. And 100X 5 X 4 2000 N. D. So is 


1412252 the Anſwer, which reduc'd to a mixt Num- 
ber, You have . 756 2888 2 756. 25. 6d. 838 
or 3. 

EXAMPLE 5. 


A buy of BC. 420 4 Stock, and gives 
600 of B&- Cent. EN 95 5 ker 


Firſt, 420 j = = 1267 ind gs 7 95 += way. Then, 
122 — * 
A 44184 = 402. 195. MIS 2-478. 
The Proc Proof of this is £19 your Obſervation, 33. 
runculus, to _ you the ak of Fractiom, which 
I inſert purely for your Satisfaction, to give you a 
juſt Idea of Things of this Nature. 


Prov'D anther WAY. 


Firſt, Cent. wants 
— 125 St oy therefore be ELF hp may 6 


What oj a dedufting C. Cent. 
cone &o 4 egg Lo 4 } per 


If 323 — 4} — 420 $ 


Work as in the laft, and you will have 36122 = 

17 fe I3% 44. Ig. 1789 Anſwer, Now this added 

Sum 402 C. * _ 2 gri. 178 

S ge u. ray deim 4 . 
. A Ke, this is delightful 

Jr. , , z 

continue your Examples, * ho 


. 
2 


38 . The Ru lx of 3, 
Phi. J am as ready to do it as you are toafk; 
but remember Hrunculus, by Way of Digreffion, 
Me muſi cut our Garment according to the Cloth: 1 
have already given more Examples than I intended; 
but til), if you have any particular Queſtion to aſk 
= I am ready to do any Thing that may be of 
ervice. | | 


_ Tyr. Sir, you are extremely kind to indulge me _ 


thus far; but what I have to add is this, Fhat by 
what I have ſeen of this Rule, it muſt be very ſer- 
viceable to tell the Nature or Proportion of Coins; 
lajtnc? . © 2 wall Bu 

Phi. To be ſure it is, eſpecially when the different 
Sorts of Exchange with'ſome other current Money 
is not altogether equal to our Pound Sterling. 


_ © Thr: will aſk you's Qyeſtion then. 
A Merchant in Holland draws a Bill upon his Corre- 
ſpondent in London r 4280 Ducutsons, at 65. 
d. 4 b what muſt he rect ius in Poungs Ster- 
ling en nn 7 20:1 7 
3 


1 


, 


SL STCOHIISGESD WS IMS nw 
65. 3d. L —2— 41. ; 


Firſt, bring the ſecond Number into Pence, then 


multiply them by the Denominator 5, and take in 
the Numerator 3, fo will the Numbers be + 
4284 and +*32, Now, by Rule 2. L X 378 Xx 4280 
== 1617840 N. N. And 1 K 5X 12 IN. D. So 
is 22444 the Anſwer, in Pence, uz. 323508 = 
1248 7. 45, 06. > :5, c | 


- Tyr. Pray prove the Work by whole Numbers? 
Phi. That is done very eahly by Practice, or ſe- 
veral other Ways. But for common Underſtand- 
ing, I know none better than this: Firſt, find the 
. ; ae xl oy au 


| # 
* * 
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Value of 4280 Pieces, at 65. * (chat is, at 75 d.) 
each, and it is 321000 4 n you have got to 
find the Value of 4280 Pieces, at 4 of a Neoar 
each; therefore by multiplying 4280 by 3, and di- 
viding by 5, you have 2568 Pence, which added to 
the other, will give you the Anſwer as follows: 


4280 Pieces at 75 d. = 321000 
Ditto, at 5d. 2368 


— — — 
Ditto, at 75 +9. = 323568 d. = 1248 J 
45. od. as above. 
˖ Tyr. Then I am always to multiply by the Nu- 
merator and divide by Oni in fuch Caſes 3 ; 
am I not? 

Phi, I know no eaſier or ſhorter Way 1 e 
you. 

Tyr. It is eaſ enough indeed as you ſay, and 1 
am oblig d to — for ſo plain a — : 
Give me Leave to aſk you a Queſtion ftarted the 
other Day in my Company, and PI. have done. It 
is this: 

 ExamyPLE 7, * 


A peor Man dying leaves 20 Shillings to his four Sons, 
n A, B, C, and D; to A be fi . to B 4, to C4, 
in and 10 D 17 with a particular Charge that the Whole 
* might , faithſul'y be diflributed among them ; it is 
demanded what each Legacy amaunts ta ? 


Phi. I have not room to inſert the * Work, 


but will plainly, tel] you the en of doing any 
Thing of chis Sort. 
| Firſt, 


This and the foregoing Example were added by Deſire of a Friend. 
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Firſt, I take the 3, I 35 > of 20 & and adding 
the Parts together, I find the Sum but 19s. So that 
the Executor has 1s. in Hand, and the Will is not 
fulfilled. Then ſay, If 195. give T, (viz. 6s. 84.) 
what will 20 t. give? Proceed thus with the reſt, 


o | w+ aw 


o + 4 


This ſhews the Parts are not always equal to the 
| but ſometimes leſs and ſometimes more; 
for had he left the 2, 4. +, and the 4 of 205. it | 
would amount to 25 5s. 84. which you ſee is 5 5. 8 d. 
more than the Whole, though each Part ſeparate- MW | 
ly ſuch an equal Part of the Whole without any Re- 

- mainder. Their Shares then is of the 5 s. 8 d. are 
found as above only now ſaying, If 25s. 8d. be 
20 5. what will Z or 10.5. be, &c. 

Note, By the ſame Method is found the particular i 
Shares of every Creditor when a Man breaks or be- f 
comes a Bankrupt ; as alſo how much in the (. his 
Effects amount to. 21 f 

Fr. ] return hearty Thanks, Sir, for your WW 7 
Care; and do aſſure you I underſtand the Na- 
ture of what I have ſeen very well. 


Phi. I am glad of it, 3 but you wil W de 
be more confirm'd in the — of Fractions, t 
and will know better how to apply them to Ute, it 
I ſhew you ſomething of the Nature of Abbrevic- 


. hog. 
2 32 f ] "SECT 
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SE. C T. II. 


Of :-ABBREVIATIONS, 


Hr. "HAT is the Uſe of Abbreviation? 
q Phi. The right Underſtanding of AMbre- 
viations will mightily help. to care Work, 


and ſave a Multiplicity of Figures; beliges, . with» 
out them it would be quite difficult to perform ſo 


Queſtions, at leaſt. very tedious, as you'll fee. by 


and by. 

Tyr. What would you have me firſt abbreviate 
the Fraftions before I begin the Queſtion? 

Phi,” To be ſure I would when they will 
of it; for if you remember you did it yourſelf 1 
Example 6. in Multiplication. 

Tyr. I believe I did; however, let me have an 


Example or two, that I may the better underftand 
Phi, You ſhall, , 7 


ExANMrir r. 


FT o Load f of, «dont 22.3% 


Firſt, = =2 d 4% h 
9 hs Fi — K, 4 roads * . Lg 


If + of @ Lead coft g a C. aulat coft 12 þ Loats 
Anſ. (871 7 I. 55. Now is it not eaſier 


to work with + than with the original rar. 
tons 148 17 and 4.70 
—_ 12 94 
1 772 G * "Caf Tire 
A F 


i 
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Tyr. I ſee, .the Thing it appears quite plain to me 
now; and 1 ſhall take Care to obſerve it. Is this 
all you have to ſay upon Abbreviations? 

Phi. No; I have ſomething more to add, where- 
in you will ſee the Beauty and Uſe of Abbreviations 
more plainly : Beſides, your Friend Diſcapulus deſir'd 

me to communicate it to you, as very few or none 


have taken Notice of it in their Writings., 
Thr Pray what is it ? 3 | 


Phi. It is, To know whether a | Fraction, when 


abbreviated, (or reduced to its loweſt Temrs) be egui- 


valent in all Reſpects to the original, or given Frac- 


tion. 


Tyr, I know no Method of proving it, but by 
comparing the Value of one with the Value of the 
other; thus I find 3g of a .. is equal to 13s. 44. 


and I find 4 of a C. to be the ſame; therefore I con- 


© clude that + is = 32. 


Phi. It is right; but ſuppoſe you could neither 
abbreviate a Fran, nor yet find its Value, how 
then would you act? a 

Tyr. That I do not know, 

Phi. Indeed, .Tyrunculus, though you can work 
the Rule of Proportion pretty well, you are no great 


Judge of the Nature of it I find. Obſerve then, 
_ Firſt, As the Numerator of the Fraction, in its 
Iriveft Terms, is to its Denominator, ſo will the Nu- 


merator of the original or given Fraction be to_ its own 


- © Denominator 7\' Or, as one Numerator to the other, | 
will ent Denominator be to the other, Sc. 
I {initio i ien 40 ens 31S £349 


Of ABBREVIATIONS. 63 


lis EXAMPLE 2. 


1 
0 


T prove whether J be equal to 1185 or 158 = 43128 


0 Firſt, as 3 to 5, ſo is 84 to 140: Or, as 3 to 
* 84, ſo is 5 to 140, Sc. Again, As 127 to 180, ſo 
is 30480 to 43200, Cc. Cc. Ce. 

Hr. I am yet more oblig'd to you Philomathes ; 
en WW for this muſt infallibly prove what you have ſaid ſure © 
enough. 1 
4 Phi. Since you are ſenſible of this, Tyrunculus, I 
will ſhew you another Way to prove it much ſhorter 
| and eaſier than the former. | 
he Second, Hhen you bade reduced any F ration to 
LY 77 laweſt Terms to ' prove whether it be right, 1 
n. tiply the Numerator of the original Fraction, by the 

Denominator . of the abbreviated one; and the De- 
"nr Bl nominator of the Original, by the Numerator of the 
* prongs one; and if the Produfis are equal, your 
Work is rightly ern. Thus, Take 2 two 
Fractions. above, viz. 145 = +, For 3 X 140 = 
420 and 5 X 84 = 420. Again, 4 12422 = Lal, 
eat For 30480 Xx 180, and 49409 X 127 are both equal 


to 5486400. | , 
as Tyr. This is ſhort and eaſy indeed ! | a 
u Phi. I will now give you an Example or two to 


wn ſhew⸗ you that the Knowledge of Abbreviationt a are of 
jo more Uſe than you imagined, | 


Yo . | i . if "4 [ 0 kk a 
4 A G 2 | Ex 


— 


multipiying and dividing by th 
not? 
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EXAMPLE 3. 


A and B are two Merchants, but of different Places , 


A owe B 46; 12s. 9d. Now £100 of 4 
current Money is equal to 140 CL. of B's; what muſt 
A pay to remit the aforeſaid Debt f | 
Ser the Work, 
4 „ 
46129 
4 5 
——— 
| 3363 
He. This is ſhort indeed 


Phi. But you know the Reaſon (I hope) of my 
eſe Figures; do- you 


Hy. Stay, ler me conſider a little upon it,——] 


ſee the Reaſon now plain enough. They are in 


Proportion to each other as the current Money of 
the Plates aré, I perceive; that is, 149 == F; for as. 
5 td 7, fois t66 to 146. Is not this theReaſon ? 
Phi. Moſt certainly: For I can mukiply and divide 
better by 5 and 7, than by 100 and 140; beſides, 
how much ſhortet is this, than to work it at Length 
by the Ruk of 3. direct. So alſo if toBL. of Ms 
be equal w A F. of Fs, then I multiply by 5, and 
divide by 12, becauſe „4 = 7, and the Anſwer 


will be 194. 85s. 7d. 4. Try you at it, ſuppoſing 


ure, if you make but a. good Improvement: And 


105 C. of Is be equal to 165 . of B's. | 
Tyr. I will, Sir, and I heartily thank you for this 
additional and uſeful Obſervation, a 
Phi. The Pains I have taken E ſhall count a Plea- 


let 


* 


yu V3 ju wary 
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let me perſuade you not to meddle with Algebra till 
you are perfect in Fractions; for if you do, you will 
not be able to make a right Judgment of the Pro- 
blems, much leſs know how to do them. If you 
think you underſtand what you have done, there 
remains but one Thing more before you enter upon 
Algebra, and that is, that you learn the Signs and 


Cbaracters therein uſed. 


Dir. You have ſhewn me ſome already. f 

Phi; I know it : But there are a great many more; 
thereſore I ſhall write them down, and give you 
them Home, that you may learn them by Heart be- 
fore I ſee you again; which, though I am always 


glad of, yet, upon this Occaſion; I neither deſire 


nor expect, till you have learnt them ſo perfectly, as 
to know their Meaning the Moment you ſee them. 


Tyr. Vou may depend upon it, Philomathes, in 


a ſhort Time: Where be they? 


. Phi. Stay a little. Here, Tyrunculus, here 
they are, and I wiſh you well to learn them. _* 
Tyr. I heartily thank. you, Philomathes, and am 
your Servant. | 
Phi. I am yours, J yrunculus.” 


» ct tt... 


SE C T. III. 


An EXPLANATION” of the PRINCIPAL SIGNS” and. 


CHARACTERS zſed in ALGEBRA. 


W HIS Character (＋) is the Sign of Addi- 


tion, and ſignifies, that the Numbers or 


| Quantities between which it is placed, are to be add- 
ed together in one Sum, Thus, 3+ 5 ſhews, that” 
It 


3 and 5 are to be added together. ands for the 
Word more alſo. Thus, 5 + 4 + 7, is read, 5 
| more 


J 


88 At6t>nkte Nes | 
more , more y, which make 16. So alſo, 4 ＋ 5 


a 
Te thews, that a, b, v, and d, are to be 
atded gether. CLASH SC - tf 


2. This Character ( —) is the Sign. of Subtrac- 
tien, and ſignifies, that the Numbers or Quantities 
which come after it, are to be taken from the Num- f 
ders or Quantities which ſtand before, it. Thus, l 

@ + b — „, ſhews, that the Quantity c is to be b 
* from the Sum of a and 33. It ſtands for the 
Word eſs alſo, Thus, 9, — & is read, 9: 4% 5, 
which is 4; and d — 9 is 6 4% 9, and ſhews that 

9 is to be taken from the Quantity ö, &c. _ 

.. Note. farther, That (A-] ſignifies a. poſitive or af- P 
fir mative Quantity, or ab/olute Number; but (—) 8 

ſignifies a fifitious or negative Quantity or Number; 

a Want or Deficiency. Thus — 8 is 8 Times leſs. i * 
tban Nothing. So. trat any Number or Quantity 

with the Sign ＋ being added to the ſame Number or f 
Quantity with the Sign —, their Sum will.be equal . 
0 Nothing, Thus 8 added-to — 8 is equal to (o) ( 
but — 8 taken from ＋ 8 is = 26. (See Caſe 2d. 
in Addition and Subtrattion-of Algebra) Again, 

An Aſteriſc (*) is frequently uſed for a Cypher 

In Subtraction, that is, ＋ c taken from 5 -|- c, 
there remains * or Nothing. 1 


a. This Character (x) is the Sign of Multipli- 
cation. It ſignifies into, or multiplied by. Thus, 4 X 
5 X 3, ſheus, that 4 is to be multiplied by or into 
5, and their Product into or by 3. 80 alſo a X 
X c x d, ſheus the continual Multuplicatian of a, 
, c, and d : | th 

de. When Quantities are placed one after another, jo 
Without any Sign or Character, it ſhews their Mul- P. 
tig licatian. Phus ab is g X. b. or a. * Q 
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V & abed ſnews he Product of à into 5 into c into. 
; 4% Ec, Joining of Quantities therefore is multiplying: - 
| them together. a 


This Character (+) is the Sign of Diuiſion. 
and ſignifies that the Numbers or Quantities before 
it, are to be divided by the Numbers or Quantities 
after it. Thus a — 6b, ſhews that @ is to be divided 
by b; ſo 16 — 4, ſhews that 16 muſt be divided: 
by 4, q ; 

2 There is a better Way of exprefling Bi- 6 
von, and it is more frequently uſed; and this is by 
placing the Dividend a-top, and the Diviſor under- 4 


) neath its Thus a. divided by 4 is ſet thus, = So. 
&ſo 16 divided by 4 is thus placed, 1% &c. Ye. 


y 5- Theſe two Lines (=) are the Signs of Equa- 

ley, and ſignify, that the Quantitys and Numbers. 
. on the one Side of it are equal to the Numbers or 
Quantities on the other. 


6. This Character (<=) is the Sign of continued or: 
er Geometrical Proportion, Thus, 3 -c. &, are 

Quantities in Geometrical Proportion. But Geometri- 
cal Proportion is better expreſſed. by one and the ſame- 
Quantity with the Sign after them, Thus, a, aa, 
aaa, aada, a, a*, — Cc. are Quantities in Geame- 


X | zrical Proportion. So.allo 2, 4, 8, 16, 32 +, Cc. 
a are in continual. Proportion. 1 - 
a, 7. This Character (-:J): ſignifies the Word 7; and: 


this (::) ſignifies.the Words /o is. When they are 
o join'd together thus, (: :: :) they are the Rule of 
dn Proportion; and being placed between Numbers or 
b. Quantities, (chus, 4: 6: d: e) they are thus read 


2 
8 


' 


68' ALGEBRAFC SIGNS, 
or expreſs'd, As a to b, ſo is d to e. Or thus, 4: 6 
28: 124) is As 4 to 6, / is 8 to 12, Cc. 


8. This Character () is here uſed to ſignify 
Tranſpoſition, and ſhews that the Number or Quan- 
tity before which it is plac'd is in the next Line or 


Step tranſpos'd to the other Side of the Equation, 


with a contrary Sign. : 

g. This Character or Letter (Q.) is alſo here 
uſed, and ſignifies by the Quęſtion, as you may ſee in 
the Work of the following Problems. 


10. This Character ( is a radical Sign, or Sign 


of the Square Root, and ſhews that the Number or 
Quantity before which it ſtands is to have its Square 
_ Root extracted. 


I. This Character (/) is the Sign of the Cube 
Root, and ſignifies the Extraction of it, as in the 
Square Root above. - 


SECT. Iv: 7 
Of Courouxp Sioxs er CHARACTERS, 


1. HIS (7 a X b + c) ſigniſies, that the Pro- 


duct ot a and b added to c is to have it Cube 


Root extracted. The fame of the Square Root. 


2. This, (VN I c.—4) ſhews, that after 
the Quantity d is taken out of the Product of à and 
b more the Sum of c, the Remainder is to have its 
Square Root extracted. | 3. This 


| 
| 
{ 
l 


- 


3. This long Daſh: ( ) .is often uſed to link 
er couple Quantities together for the better reading 
fy er underſtanding them. Beſides they are different] 
l expreſſed to what they are when it is wanting. 
or Thus, aX ＋ c + has quite a different Sig- 
nification to what it has with the Daſh over it thus, 


axb-þ 6 + 4d; for a Xx i © Þ 0, ſignifies, 


that the Quantity à is to be multiplied by the Sum 
ere of , c, and d; whereas, without the Daſh, it would 


in IM fignify only that the Sum of the Quantites c and d is 
to be added to the Product of 4 into 2. This will 

ign de beſt underſtood by Numbers. + 

or | Let 6 repreſent a. 4 b, 8 c, and 12 d. Now 

are W 6X4+8 + 12= 144; but 6X 4+ 8+ 12, 
will be but 44. So that the Difference on Account 
of the Duſh is 100, c. c. a1 

ube This Daſh is often join'd to the 


is the ſame; and according as how far the Daſh is 
extended it has.a.different Signification. | 


4. Thus (V/ = + #5 -+ ail — c) fignifies, that the 
m += + ad. 


5. But y m + 7 + dd — c) ſignifies, that only 
the Square Rot of m 4 is to be extracted, and 


ded to it. Fhe ſame for the Cube Roat. 
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ail of the ra- 
the diant Sign, or the Sign is continued longer, which 


4 
Quantity c is to be taken out gf the Square Root of 


the e Difference between the Quantities dd — c, 


6. This. 


- E 


» 
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e. This CharaQer (+) ſigniſies more or Iiſi ſuch 
2 Quantity, and is uſed often in Extraction of Roots, 
cCompleating of Squares, &c., | | 


_— 


7. ES» Figures are frequently ſet over Quantities, 
to ſhew how often they are expreſſed, and to fave 
the Trouble of repeating or ſetting down the Letters * 
ſo often. Thus, 3“ ſignifies the fame as if the Quan- 
tity-b was written, expreſs'd, or ſet down four Times, 
| thus, db. So alſo x* is xxxxxxxx, c. 


* 
a] 


e HAP. 


«a Q v 
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OF SERIES. RRQ, 
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CHAP I. 
DIALOGUE V. 


2 * 
Between PHILOMAT ES and T YRUNCULUS, 
concerning ADDITION, SUBTRACTION, 


MULTIPLICATION, and DivisoNn ff . 
ALGEBRA. 


5 


Phi. — (Coming to u Tyrunculus.) 
Tyr. (Standing at his Door.) 
Phi, 00D Morrow to you Tyrun- 
culus. 


7 Tyr. Kind Philomathes, your 
3s; Servant; if I may be ſo free, 
ESO _—_ are you walking this Morn- 
| In . 

Phi, Why, Grains, to ſay the Truth, I. came 
only for to ſpeak to you; it is ſome Time ago 
(if you remember) ſince I gave you a Paper, and I 
expected before now that you would have come for 
freſh Inſtructions and Examples; but your ſtaying 
ſo long began to make me think that you had given 
over the thoughts of Algebra again, and had neg- 
lected to learn the Signs and Characters you had of 
me for that Purpoſe. | = | 
| Tyr. -. 
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Tyr. I am ſorry I have given you Occaſion to 
think ſo; but the Reaſon of my not being with 
__ before, is becauſe I have. had ſome particular 

uſineſs upon my Hands, and that you know muſt 
de minded: However, I have learnt them perfectly 
| «pn and know the Meaning of them very 
well. 

Phi. I am glad of it; and you intend, I hope, to 
app'y them to Practice; do you not? 

yr. That I do, as far as Leiſure from more mate- 
rial Things will allow of. : py 
Phi. Well then, are you at Liberty ro go Home 
with me now, I am no Ways engaged ? 

Tyr. If you inſiſt upon it I will; but J had much 
- rather you would ſpend an Hour or two. with me 
now you are here; you ſhall be heartily welcome 
to ſuch Entertainment as my little Houſe affords, 


and I ſhall eſteem it as an Inſtance of your Kindneß. 


What ſay you ? 
- Phi, I heartily thank you Jyrunculus. Enter- 
tainment by Way of eating and drinking I regard 
not, any further than to ſatisfy the. real Wants of 
Nature: It is the Converſation I value, and had ra- 

ther pleaſe my Mind thay my Appetite ; therefore 
upon Promiſe that vou will not put yourſelf to any 
Trouble, nor provide for me any other than that 
which you intended for yourſelf had I not dropt in, 
I will ſpend a few Hours with you, 

Tyr. Upon Honour J will not. 

Bhi. Come then, Tyrunculus, let us be doing. 

Tyr. With all my Heart; and pray what is the 
firſt Thing in Algebra that I am to begin with? 

Phi. As you underſtand Vulgar Fractions, and 
know the Signs and Cbaracters you ſay, the very firſ 
Thing that I ſhew you will be Addition, - e 1 


P A. N 


* 
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S E. Nr I. 
ADDITION of ALGEBRA. 


Tyr. OW is Addition of Algebra performed? 

Phi. The ſame as common Addition, pro- 
vided the Signs be both affirmative or both negative; 
as you will 20 find by the four following Caſes. 


CAS E 1. 


Of Simple Quantities 7 Integers, having the fame 
ifgn, 2 * 
hen the Quantities to be added have the ſame Sign, 
(viz. both + or both —) then 42 47 the Co-effci- 
ents or Numbers together, (if any there be) and place 
the Quantity after them, with the ſame Sign alfo be- 
fore them : 


Ex. I, N Ex. 2. Ex. 3. 
Ad + a 425 $4 
—— 4 b — 
+. 2 + 46 — 24 
Sum + 39 +76 — 134 
Ex. 4. Ex. 5. 
＋ 5 aadd * — bad 
6 aadd — bd 
| Sum + 15 aadd — 3 \ © 
Do you underſtand theſe Examples? 8 
1 a Tir. 
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Tyr. Ves, except the (5) that ſtands alone in Ex- 


ample 2. and (— 4) in Example 3. ſor they have no 
Number or Co-efficient before them. 

Phi. It is true they have not; but they are ſup- 
poſed (as all ſingle Quantities are) to have Unity or 
1 placed before them, as you may ſee in Example 1, 
and Example 5. whoſe Sums are 3a, and — 3 bd. 

HBr. I underſtand you now very well. 

Phi. You are then further to take Notice, that 
all Quantities that have not the negative Sign (—) 
placed before them, are ſuppoſed to have the affirma- 
tive: Or, in other Words, thus: When any Quan- 
tity has no Sign perhx'd to it, it is then an affirma- 
tive Quantity; thus, @ is the ſame as + a, and 4 6 
is ＋ 4 b. | | 


ADR 2. 


Of StrMPLE INT,EGERS or QUANTITIES, 
| | having contrary Signs. 


N den the given Quantities are alike, but have unlike 


+4 +5 


Signs, then - ſubtraf? the one Co- efficient from the 
other, and place the negative or affirmative Sign to the 
Remainder, according to where the Exceſs lies; that 
is, if the negative Quantity has the greater Cor effi- 
cient, then the Remainder will be negative and muſt 
have_the Sign (—); but if the affirmative be the 
larger, then will the Remander have the Sign (- 
and will be the Sum of the ſaid Quantities. 


Ex. 1. Ex. 2, Ex. 3. 
bb — 7 bb 14 aabb 
= 2 bb 36b — 43 aabb 
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Ex. 4. Ex. 5. 

— abed 42 bbdd 
9 abcd — 42 bbdd 

+ 8 abed (oo) * 


4 


Do you underſtand theſe Examples ? 
7 I underſtand all but the 5h. for I cannot at 
preſent conceive, that E 42 added to — 42 can be 
equal to Nothing, I ſhould think rather, that ſub- 
tracting them they would be equal to Nothing. 
| Phi. That is your Miſtake, for their Difference 
| is 84, (as you will ſee Caſe 2. in Subtrattion) ; be- 
cauſe the negative Sign makes void the affirmative. 
Dy. I aſk Pardon, but I do not rightly appre* 


hend it. 
Phi, I think you are a little dull now. Do you 
| not remember that I told you, (Se. 3. Dialogue 4.) 


that this Sign (—) ſignifies a Want or Deficiency, ſo 
many Times 4% than Nothing as the Figures after 
it expreſs ? a / | + 
Tyr. Yes I do. | | 
Phi. Obſerve then, Suppoſe that you Fon in- 
debted to a Perſon 42 . and had no ET; of any 
Sort to pay the Debt, then it is plain you would be 
42 Times worſe than Nothing; that is, have 42 
Times leſs than a real Property of your own: Now 
ſuppoſe a Friend ſhould give you 42 /. to pay of 
the Debt, and you do ſo, ſtill it is plain you would 
have Nothing in Hand to begin the World again 
with: Conſequently then + 42 added to — 42 


=*®cro0. 
H 2 Tyr. 


I——_ Wi 5 VV WY *V 


* Left the Learner ſhould miſtake the Remainder'in this Example, 
5 and take it for ſome Quantity, I thought proper to put it in a Pate 
* theſis, to lignify it for a Cypher only, and not for any-Qyantity, 


dee Dial. 9. Ober vation 2. 
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Tyr. I am very thankful, Philomathes, for ſo plain 
a Demonſtration. 

80 I perſceive then, that a negative Quantity 
added to an affirmative one, is the ſame as two af- 
firmative Quantities ſubtracted from each other. Are 
they not ? 

bi. The very ſame. (See D 2. Ex. 5. in Sub- 
2 ) x 

Dy: Thus far then I am pretty perfect; but how 
muft I manage when. the Quantities are many in 
Number, and have different Signs? 

GG Phi. Very eaſily. Firſt collect all the . 
tities that have one and the ſame Sign into one Sum, 
ſo you will have two Quantities at laſt to be added 
as above. 

Tyr. Pray add 14 axx — 5 axx -E 8 axx — axx 
— 41 axx + 39 axx together? 

Phi. Obſerve then, f collect all the Quantities 


: = Sing one and the ſame Fehn together, wiz. 14 axx 


＋ 8 axx + 39 axx, and theſe are equal to 61 ax; 
then — 5 axx — Axx — 41 ax Xx = — 47 axx 
then — 47 axx added to + 61 axx, as before directed. 
== 14 axx Anſwer, the Sum of all the Quantities, 
Now I will try you with a Queſtion. 


EXAMPLE 7. 


Add 4 aaa + 9 aaa — 12 aaa — 4 ada — 19 aaa + 
14 aaa + b aaa — 9 aaa together, 


Try. Nothing eafier. Firſt, 4 aaa + 9 aaa + 14 
aaa b+ b aaa = + 33 aaa; and — 14 40 — 4 aaa 


— 19 aaa — q aaa == — 44 aaa; then — 44 4a 


added to + 33 aaa = — 11 aaa Anſwer. 
Pht. You are right, but ſtill you have taken un- 
Trouble. 


Tyr. Wherein ? þ | 1» 


8 
h 
t 
tl 
* 
N 


/ 
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\ e& Phi, Why did not I tell you that the negative 
Sign — deftroys the affirmative -=-; therefore as you 
have 4 aaa q aaa, and alſo — 4 aaa — 9 aaa in 
the Queſtion, you needed not to have- meddled with 
e them at all, only add the reſt of the Quantities, and 

you will find them to be ＋ 20 aaa and — 31 aaa, 


1 * — 


* whoſe Sum is — 11 aaa, as above. ; 
Tyr. J was a little Yvan, aa in this Reſpect. 
* Phi. To be ſure it ſaves Trouble; for ſuppoſe I 


n were to add abb E 6 ab — 9 abb — abb ＋ 4 abb 
— 6 abb to + 9 abb — 3 abb together, I have only — . 
3 abb to add to + 4 abb, (for the reſt deſtroy each 


* other by contrary Signs) and their Sum is + abb, 
d the Sum of all. | 

Tyr. I ſhall take Notice of it; but ſuppoſe the 
4 W Quantities to added are not alike, nor the Signs 


neither, how then ? 
es Phi. You will ſee by the following Cafe. 


- ASI CONTRARY QUANTITIES. 
” When the Quantities to be added are, unlike, whe- 


q, er they have Co- efficients or not, ſet them one after 
-s, another, without any Alteration of the Sipns, and this 
will be the proper Sum. 1 t 

Tyr. This is eaſy indeed; then if I were to add 
3bc + aa + g — & together, I imagine their Sum 
is the ſame; viz. 3 be. + aa + g — d: Is it not ? 

+ Phi, You are very right. See the following Ex- 


ample, EXAMPLE I. 
19d + 4 aa 
74a | — ** 
— 44 1. 
in- 883 8 


dum rere 
H 3 Ex- 


ADDI1T1ON of 


EXAMPLE 2, 


＋ 1 
F 
Sum 57.86 +4 m— 4 + 17 
| Casz 4. 


Of CompounD INTEGERs or QUANTITIES, 

is depends upon the three preceding Caſes : For if 
the Quantities are alike, and have the ſame Sign, then 
add them together by Caſe 1. but if they have contrary 
Signs, collect all ſuch together as have one and the ſame 
Sign, and ſubtract them from each Aber, etting the 
Sign where the Exceſs lies (according to Cale 2.) be it 
. + or —. But if the Quantities and Signs be both con- 
trary, then, (by Caſe 3,) ſet them one after another 
without altering any of the Signs, and you have the 


Total. 


EXAMPLE 


Add 4 bc + x — 18 
gb - . 9. 


Sum 4bc+x + 9b + 59 
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More EXAMPLE. 


EXAMPLE. 4. 


4 abed + b be +9 4bd - 9 
— abcd — 4 bc — 5 abd 
+ 2 abed — 3 be + 2 b 
— abed + bc + abd+7 - 


— — — 24 


Sum 4 abcd +7 abd — 2 


EXAMPLE S 
if a+4b+gÞtw+7xxt+y 
en * +bb + m+4f —12y 
7 — 2 — 4 ＋4 % — xx—f 
Ny —_ g— 3 +3 a0-+3 
it Sum 4 6 + 6 ax +5 bb K- == 
N- 
Yer Vr. You have made Uſe of all Caſes I fee in 


the theſe Examples. | 
Phi, I do it on Purpoſe to ſerve you; and do you 
think you are perfect in Addition? Lock at Example 
5 once more if you be not. 
Tyr. I think I am indeed, Sir. 
Phi. If ſo, we will paſs. directly to Subtraction. 


8 


— 
W ne 


= — 


SECT, IT, 


SupTrRACTION ALGEBRA. 


Dr. 4 Am afraid Subtradtion will puzzle me, for 
| I remember 1 was more ſet in this Rule in 
doi Fractiogs than in any of the other. Tt 
{of Pih, 


Y 


* 
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Phi. Be not at all diſcouraged, for you will pre- 
ſently do it I am ſenſible, if you take Care to mind þ 
the Rules; for I ſhall proceed the ſame as in Addi- ti 
. | | 


Of SIMPLE INTEGERS, having the ſame Sign, 


When you have any Quantity given to be ſubtracted | 
from another, then change the Sign of the Quantity to | 
be ſubtracted into the contrary Sign; that is, i it be | 
＋ make it —, and if — make it +, and then add 

them by the firſt Caſe of Addition, and you have the true 
Difference : Or rather, If the Quantities have one and the 

fame Sign, then ſubtraft the Numbers or Co-efficients 

as in common Subtraction, obſerving Ye place the Sign 


belonging to them to the Remainder. | 
Sun, 4 rn Ex. 3. 
From 3 a — 21 5 8 bcd ä 
Take @ — 96 3 bc 
Anſ. 2 4 — 125 5 bed 


EXAMPLE 4. 
From — 24 abd 
Take — 9 abd 


Anſ. — 15 abd 


. 


C As E 2. 


Of StMPLE INTEGERS, having contrary Signs. 

then the Quantities to be ſubtracted have the nega- 
tive. Sign, and the other the affirmative, then add them 
together as in common Addition, and you have their 


J. 
1- 
m 
ir 
uy 
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true Difference ; to which place the affirmative Sign; 
but if the Quantity to be fubtrafied have the affirma- 
tive Sign, and the top Quantity the negative, you are 
to add as before, but then place the negative Sign te 
their Sum, and it 1s the true Difference, 


Ex. 1. Ex. 2. Ex. 3. 
From 4 bb —7 bb ' 14 ga? 
Take — 366 + 3% — 4.3 aabb 
DE +78 —1w4* - - ce 
Ex, 4. * Ex. 5· 
From — abcd . -+ 42 bbdd 
Take 9 abcd — 42 bbdd 
Difference — 10 ab + 84 Hd 


EXAMPLE 5. varied, 
From 42 bbdd + 42 abb — 42 B 
Take 42 bddd — 42 ab —+ 42 bbd 


Diff. (o) ＋ 84 c £8 de 
| C482 3. f 
Of Cour QUANTITIES. ' 


There is no Difference in the Work of theſe and 
fimple Quantities, only vbſerve to place the Sign be- 
tween the Difference according as 15 required. | 


Ex. 1 Ex. 2. 
From a + 5 a — þ 
Take a—bT+9 —a+thb—g 


® See Caſe 2d. Ex. 5. in Addition, 


— 
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EXAMPLE 3. 
From 72 Tf b—7qut 14 
Take = aa — 4b HTA Cc — 10 


Arſe +8 aa +5 5 — 9 24 


Tyr. Mighty pretty, and withal very eaſy, Pray 
how are unlike Quantities ſubtracted ? 
Phi, I will tell you directly. 


CASE 4. 


. Of ConTRARY or UNLIKE QUANTITIES. 


When - you are to ſubtract unlike Quntities, let them 
be either ſimple or compound, you have no more to db, 
but only to ſet the Duantities to be ſubtracted direct) 


after the Quantity you are ſubtract from, firſi obſerving to 


change or alter their Signs; thus have you their true 
Difference. 5 


EXAMPLE 1. 


From a+b—5c 
Take g — 4 + 9, by changing Signs. 


— — — 


Anſ. a+b—5c=g+d—9 
EXAMPLE 2. 


From 42 bc + 24 4 — gg 
Take 17þ — 14 xx — bb — 15 


Anſ. 42 be + 24 d—gg — 17 h+ 14 xx +bb +15 


Tyr. Quite plain indeed : Pray what is next ? 
Phi, Now. Tyrunculus, we are come to Multipli- 


cation, - 
EET 1; 


U 
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SECT. III. 


MuLTIPLICATION of ALGEBRA, 
Hr. J Think that Subtraion is eaſier than I thought 


for. | | 
Phi. Nothing like Delight and Application, B- 
% runculus, theſe make Things eaſy. 

Tyr. It is very true; but I am afraid of Multipli- 
cation. 

Phi, Moſt Learners dread a freſh Rule, though 
they wiſh too to be trying at it: But what ſhould be 
the Reaſon for ſuch Fear, ſince the ſame Care will 
conquer one as the other 

Dr. Pray how is Multiplication performed ? 

Pbi. There are three Things to be . obſerved in 
this Rule, viz. | 

1. When the Duantities have the ſame Sign, 

2. When they have contrary Signs. 

3 When they bave Co-efficients or Factors. 

n all which Cafes you are carefully to obſerve 
that when the Signs are both affirmative, or both 
ative, the Product will be affirmative ; but when 
ne is affirmative, and the other negative, the Pro- 
Iuct will be negative? For + X +, or — X —, 
produce ; but ＋ X —, or — X +, produce lefs, 


"em 
db, 
o to 
rue 


CASE 3 


Of QUANTITIES having the ſame Sign. 


If the Quantities have no Factors or Co-efficients 
ben only join- the Letters repreſenting ſuch Quantities, 
| by the Side of the other, and place the Sign * 

| ore 


A 


"4 
— — 
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fore them; but if they have Factors, multiply them 
as in common Multiplication, placing the Product be- 


fore the Quantities, 
t. Ex. 2. Ex. 3 


Mult. a 4 6 —ab 
by 5 FP — 5 
Product ba 4 be + atd 
Ex, 4. 15 Ex. 5. 
Mult, — 6 * 14 bb 
by — 2g 2 6 
28 Lbb 


Product + 12 xg 


Tyr. This is eaſy enough indeed. 
will paſs to 


Phi. Nothing eaſier, therefore we 

Caſe 2. | | k 

| CASE 2. 
To MULTIPLY contrary Signs. 
Ex. 1 Ex. 2. Ex. 3. 

Mult. 5 ' ba — 4 bad 

by ma —5 + 65 

Product 6 — 554 — 24 bbcd 
Ex AM PL E 4. | 
Multiply 8 xxb 


Product — 32 xx 


Tit, 


— 
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bem Hr. There needs no more Examples, Pray what 
be- is the next? N 


Phi. 83 3. 


Of Couro uns QUANTITIES. 


Multiply every particular Quantity in the Multipli- 
cand, by zach . Member or 725 of the Multiplier,” as 
you do in common Multiplication ; than add them tog 
ther by the Rule of Addition, and abo Work is N 


Ex. 1. 
Mult. ab $0 
by 4 s 
 Produdt akd + 4 | 16 % 4 
8 0 ExXAMPLE > 
Mult. 3 
by — 
— — — — 
Prosa — 27 Tf 1 
Are ExamPLEs of Compound QUANTITIES; 
/ EXAMPLE 4. EXAMPLE: 5. | 
Ta Mult. a + 5 2535 
<a by a +6 = ab _ 
— — — — 
Ta I 
Prod. as 2 ab + bb ag == 2, ab ＋ bb 
Tyr. „ . Exz 


86, MuLTIPLICATION of 


FExXxAM TIE & 2 


- 


%* © as * 
Mule: 4 +5 
* by « a= 6 96041 
1 3 — 
y . 


Produd 7 ar 


Mens xs x 
42137" 1 
r 


T- 
van F 


5 ö EA IE 8. | 
* A 
1 

| 

. 

2 ; 
ref gat J 
nn 1 K. 1 4 

728 3 |: 


Ex- 


it but barely telling me ſo? 


Suppoſe I take nr and e mem equal to 
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g Dramen 9. . M FED 
Mult. a Be AIR CC} 45 


by . a +$b6+c . 2 
— — od EM __—_——m————— 
a xr CC CES 
POT WER oor hg: POOP 
OD barb bebes i © 


* 
. R 22 ** 


Prod. ee bh ＋ 4 


eee e 
Mult. a ＋ +c 


3 — — 


e 


Tyr. I underfiaddhe Eanplc ver P I fee 
in this laſt Example, that E 45 — a5, 7 
ac deſtroy each other when you coe to 0 20 
together. 3 

Phi, Very well Obſerved Thrichtulu: ; 5 this gives 
nie Reaſon to 55 you are i what 185 have 
ſeen done. 4 

Me. - I hope” ſo: But play, "Phit m 4 Jar me 

aſk a Queſtion. Tan not JE "fully. me "hs a 
x — fhould eee —5 and that — 5 . Tb 5 
roduce , ; have you no other Way to demonftr 


Phi, To be ſure, it is eaſily roved as hep 
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any 4 Numbers, viz, Suppoſe Þ = 12, c = 4=4 
= 8, and f = 6. Tres pn them in ſome ſuch 
like Order as follows : 


Subtradt f 4 and 7 64 Subtradt 
— awd; fo 2 
Now ö N df &=8 $þ.2= 16, the Pro- 
duct of their Numbers 8 and 2. 


fb + fe, viz, = 16, if the Work be right. 


PROOF, | 
Firſt, Þx I= 12x B=9g6 
And ex f == — * 
— — — 


Therefore .- % = 120 


dXc=8X 4 = 32 | 
ZA r Add 


That is, SESY. = 104, which taken from 
120, leaves i6; at is, ba + of = de — fb = 
120 — 104 = 16, as above. Conſequently there- 
fore + X — produces —, and + X +, or — X 
produces +, Q. E. D. 

Tyr. I cannot fay I underſtand jt by loo ooking it 
over ſo quick, but 1 will conſider of it another Time. 
2 1 mean 8 pray tell me what is the Meaning 


[ E. D 
of Ob The 2 often uſed in the Mathematicks, 
and ſet at 12 End of a Demonſtration or Proof of 


any Problem, and . that the Thing given 4 
0 


Therefore 7 — r x d — f will be an = 4 — 


as wa mm oc.yTc 


4 
ch 
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n6t only done, but demonſtrated and proved, and is 
thus read, Q. E. D. which was to be proved. 

Hr. I heartily thank you. Pray have you any 
Thing more to ſhew me-in this Rule ? 
Phi, Nothing more, only leave a Sum for you to 
work at your. ig mT I would, have yu. try 


"EXAMPL E 11. 


Mult. a 6 27 P 
by 4 —3 Bb — wg 


Prod. FO" Pay Ws 12 7* 1 2557 + 2 SY 


” — 


— — YL ITY 


SECT. 15 
DIVISION of ALGEBRA. - 


Br. I Fear you will find me but a dull Scholar at 
Diviſion ; for as common Diviſion is harder 
than the other three Rules, I think of Courſe Divi- 


fron of Algebra muſt, 


Phi, I confeſs it is ſomething more difficult; but 
what of all this? Labour overcomes all Things. How- 
ever, it is eaſier perhaps than you imagine. 

Tyr. How is Divi/ion performed ? 

> Phi. In Diviſſon are three Caſes; in all wbich | 
you are to obſerve, as in Multiplication, that if the 
Signs be alike in the ivrſer and Dividende the Quo- 
tient will be affirmative; but if unlike,” the Quotient 
mult have the negative Sign. 


. WS þ. # CA 


= 
* 


0 
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CASE rn. 
Of QpanTiITIEs having the ſame Sign. 

If the Quantities have Co-efficients belonging te 
them, then divide the one by the other, as in common Di- 
viſion, and place the Duantities in the Dnetient, But 
5 the Quantities have no Co- efficients, then ſet the 

ividend a- top, and the Diviſor under it, Fraction- 
wiſe, and if you find the fame Letters or Quantities in 
beth, cancel or caft away ſuch Letters, and the Remain- 
der will be the true Qutient or An required, Thus, 
ſuppoſe I were to divide deb by db, I ſet it thus 


dcb 
. and breauſe 1 find db both in the Dividend ant 


"the Divifor, I expwnge or cancel them, and then only c 
remains, which is the Quotient or Anſwer. 


Ex. I. | Ex. 2. 
Divide Bbbdc abe „ bx 
ODOT 
ExAMII 3. 
Divide xxddg ad 
by xbgd * 
Ex. 4. Ex. 5. 
Divide 15 * — 64 bd 
n 
N — 


SE 
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CAs E 2. 


Cow rRARY SiGNS and QUANTITIES. 


Divide the Quantities and Co-efficients - as before, 
and to the Quotient annex the Sign —, and the Wark 


1s done. | 
Ex. I, Ex. 2. Ex. 3. 
Divide. ab — 15 „ 64 bdc 
+55 _ —88 
— 3 x — 8 c 
— I5 xb 64 bed 
EXAMPLE 4. 
Divide 4 abe 
by — 4 abc. 
die — T1. 
Proof. 4 able. © 


Note. When the Sign and Quantities are quite unlike 
and the Co-efficients cannot be divided, then ſet them 
ever one another Fraction- wiſe and you have the Anſwer, 


Ex. 5. Ex. 6. Ex. 7. Ex. 8. 


Divide ab 14 abg axbd 15 xn 
by g 5 Xx ; 12 438 


ac 
— — — — — 2 


ab 14 abg xxbd 15 1 


Dy. 


— (: — v 
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Tyr, I underſtand it very well; but how do you | 

divide compound Quantities ® 

Phi. The ſame as in "Multiplication, by going ! 

through every Member of the Dividend and Diviſor ! 

according to the Order of the common Diviſion. - 
4 3. 

. Of Compounn ä : . 


Proceed in all Reſpect; as before, due Regard being 
bad to the Signs, and gau have your Dejire. 


1 Ex. 2. 
Divide ado + ak 12 4 — 15 dx + 4 5 xa 
34 +a. 


— 


Anſ. a + e 45 
2 Hr. Let me aſk you one Queſtion? 


EXAMPLE 3. 
Divide 4 abc — 24 aabb.— 32 bad 4 
by Fm 8 ab. fc 


"Phy, 2 * 1c 2 N 8 7 

Tyr. Very well; but pray is not Diviſion wrought 
"ſometimes at Jarge; or do no Queſtions require it? 

Phi. It is frequently ſo wrought, and. I could have 
done the laſt Examgle {© if I would. 

Tyr. Pray do, it may perhaps give me a better 
Idea of 7ivi/ion than I have at-preſent. | 

Phi. Obſerve then. | 

2. When you have many Quantities, then proceed as 
in Diviſion of whole Numbers, by teing how many 
Toes the Diviſor is contamed inthe Quantities of the 
* 
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Dividend, placing it in the Quotient ; ; then multiply 
% WI W Divifor by the Quotient and place it under the Divi- 
dend, and ſubtract it therefrom, and to the Remainder 
ing bring down the next Quantity or Quantities in the 
ſor © Dividend, and thus proceed till the whole Operation is 
performed. 


ExAMeLe 3 „ne May. 
— 4ab) K+ _ 2 all- gala —- Le- 6b -l 


eing 2A 
—244abb: 
— ä —— 
32 
Jp —22bad. 


plainer to me than the other. Pray. give me one 
more Example ? 


Phi. Suppoſe it were required to divide bx + bd” 
+ ox.+ 4 — xe — de by x + 4, it. will ſtand as 


follows. 
EXAMPLE 4. 
abt T® br retard (bee a 
t: 
have 


4 F like this very 15 and it e nk. | 


2 
ex + 6d 
cæ d 


etter 


ed at O --de. 


many 


Fo | 


94 | D1 v1 SI —_. of 
| 8 nr 5. 
3—6) Oxxxx a +8x+16 4% 


Oxxxx—12xxx* 


8 


o -+12xxx—g6 
TI — 24A 


0 ＋24 96 
+ 24xx—48x- 


Dr. Tlike this quite well indeed; but I could not 
-have thought that ſo ſhort a Dividend would have 
produced ſo many Quantities in the Quotient. 
© Phi, That is eaſy to perceive; becauſe —12 xxx 
Pas e the Dividend. I. change the Sign 
ö * is ſubtracting it) and bring it down for a new 
Dividend br Remainder, and it will be 12. I do 
the ſame allo with —24xx and - 48. See the 
* ** 1 PR oo. 1 
2*xx+-4xx+8a+16 » 
| 6xxxx+ I2 v + 24482 * 
18 * —24— 48:—96'w 
6rxxx—g6 no” 6M 


Tyr: Tis right fure-enough, 


* 


— 


* 


not 
"ave 


xxx 
dign 
new 


L do 


Phi, 


ALGEBRA. 95 
Phi, I ſhall give you then but one hem 
more, 7 


; 


Eau R * 


| Jos 
— * obe — 504, Fs 4— 
. MEE (44 ita, 


+5gxxb=—bob 
TFN - 


— 
»» 6964108 


— — 
5 
73 


— 5db þ40b 
—;b gd 


| 2 0 
+4 b—72 


557. I do not underſtand this, that — 362 ſhould 
fand under 5xxb ; Pray how do you ſubtract them? 

Phi. I do not ſubtract it from 5xxb, though it 
ſtands under it, but from —t36a further on in the 
Dividend, and ſo on for the re | 

Tyr. Then it Matters not whether the Quantities 
ſand under each other I imagine; does it? 

Phi. Not at all, as long as you can but find the 
ſame Quantity any where in the Dividend; and you 
would do well in ſuch long Sums to make a particu- 
lar Mark againſt ſuch Quantities ' as you have taken 
down or done with, as you do in common Pivian. 

Tyr. Wl *remember itz but ſuppoſe. there ſhould 
be any Remainder (for I imagine the Quantities will 
a. aways oof out even) how chen do you manage 
nt 

* 3 Phe. 


£17 
* 4 _%@S 
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_ Phi, The ſame as in common Divi/ion, by placin 
it over the Diviſor Fraction- tuiſe. Then — f 
were to divide xx — bb ＋ xc, by x +6; I find then 
the Quotient to be x— 5, and there remains x; which 
I place over the Diviſor, and the Anſwer ſtands 


fn, of — 3 
+6 


See the Work. 


& ＋5) xx . -- (3. 
g X * ( x+b 
—xbombB + xc 

—xb—b} 
Dk” pn 


Dr. Have you any Thing more to offer in Di. 
viſion f 

Phi. I think there is no Occaſion for any more 

Examples. | | 

Tyr. Pray what comes next ? 

Phi, According to the Order of Arithmetic the 
Rule of Proportion ſhould follow, but I ſhall ſ 
of this under Dialogue 7. and ſhew you firſt the Na- 
ture of Algebraic Fractiont; though one would think 

there is no great Occaſion, fince 1 have been fo par- 
ticular in Fulgar Fraftions, in which, if you are per- 
fect, you cannot miſs to underſtand Algebraic, 
which are done one and the ſame Way, only with 
Letters inſtead of Numbers; and this can be no 


Difficulty, fince Numbers eſented 
by fch Len, as 1 be ben in de Glowing 
; DIA- 


«. 


Di. 
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. — 


DIALOGUE VL 
n L 


Of ALGEBRAIC FRACTIONS, and foft of 
REDUCTION. 


Casz 1, 


To reduce a mixt Quantity to an improper ALGE= 
BRAIC FRACTION, . 


—— —-—V 
_— "I 


MYLTIPLY the whoe Quantity by the Dem 
minator of the Algebraic Fraction, and to the 
Product add the Numerator. n ; 


EXAMPLE 1. 


Reduce a - to an improper FraQtion, 


EXAMPLE 2. 
Ruduce a + b — an improper Fraftion, 


| c da ++ 4 ＋ . 


E 
o this with cu. i Ne Le., 


RRDPDVO TON of 


Br.! 1 have ſeen ſeveral Books of Algebraic Frac- 
11 fact Examples as 


theſe : Are t en neces ? 
Phi. inly th ard, and that y will ſee if 
you do but try the ſame by any ines you pleaſe 
to make equal to the Quantities ; ; and this will be 
ſome Help to you, and give you a Notion. of an 


Equation. e 
1 1. het goes os b=3, * 6; then 
3 5 
2 ö 
2 = 33 rf. or rather 2 50+ 3. 33 
— N 
Far x N N 5 = 303 — Q. E. 
D. Oe. Se. . 


Tyr. I think it is none indeed, as you ſay. 
Phi. And the 22 of it is, the very next Caſe 


proves it ; for I ſhall take the ſame two Examples, 
 Cass 2“. | 


To reduce an IMPROPER FRACTION fe @ Mixr 
QUANTITY, 


is i is only the Reverſe. of. the former, for you have 
10 more to do but to divide the Numerator by the De- 


nominator, and it is done. 
EXAMPLE I, 


: to its #2270 mixt |; Numbers 


Reduce = 
4: xa ** 5 (a > — . 
-— 44 « # 
Kid o + b — Ex · 


8 — Om Piper Pon 


ſe 


8 


Aucturarc Fanction $ 99 


Raati 2 

A 1 4 to its equivadetit mixt Numbess. 
— ; c » 

a) * db o> cla+5 746. 


* 


0 N ab 
O + © 


Cave 35. 
To reduce a while QUanTITY to an ALGEBRAIC 
FRACTION, 


Multihly the given Quantity by any * Bunty, 
ond place the Product for a Numerator, and the 


tity you multiplied by for a Denominator, and it is / 12a 
EXAMPLE 1. 
Redure b to an Algebraic Fraction, having de for its 


x de de An. — 2 by we xt Cie 


Kibri 2. 


Reduce a to an Algebriic Fradtcn ei 'x + 
For its 


Firſt % * f = ax 4. , = 


you underſtand it ? 


compare this with C 3. in Nga Fractient, 


= - 


. 
x. 
2 29 
4 A 4 
1 . 
þ * 
4 
9 
4 
a3 ? 
* 
U 
0 
1 
1 * * 
L +. 
« 4 
. 
”; 
. 
. 
j 
on - 
- 
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. 
8 ” 
. 
4 
: 4 
. It 
. Y 
14 1 
19 
174 * 
. 17 
” "©. 
x! \ o 
ö - 
v3 t3 
o 
* 
1 
1 
: 
N F 
* 
o 
* 
* 
*, — 
: 4 - 
+! x o 
= 
. ' 
% © 
, 
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* 
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# 
: 
[0 
4 
4 
N Ll 
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4 1 
S : F 
' 1 
- 4 
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, f 
Mo \ 
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: 4 
* 
? 
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1 
: l 
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f 
, 
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+ 
1 
i 
© \ 
[> 
_ i 
1 | - 
1 7 
. 
+ \ 
= 
1 T 
4 
1 | 
. = = 0 
1 14 
_ 
: 
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Tyr. I cannot miſs it; you need not give any more 
Examples. * 

Phi. I ſhall not; but you ſhall ſee how that this 
Caſe is only the Reverfe of thenext. We ſhall take 
the ſame two Examples. | 


CASE 4*. 
To abbreviate an '/ALGEBRAIC FRACTION. 


Divide the Numerator by the Denominator, that is, 


expunge or caſi away ſuch Quantities as are found in 
45 and you have your Deſire. 


EXAMPLE 1. 4 


Reduce 7 to its loweſt Terms, 


= (divided by) 4 = d. See Exanple x. in 
"RES. 


EXAMPLE a. | 
Robes BEL u its lh Terms. 


EIT Y = See Example 2. laſt Caſs 
"3 20 ach 8 N 1a, 1b 
So allo 60 be L= 1 57 
As Fratftions are abbreviated by Diviſſon, it is 
oſten cuſtomary to put Unity under ſuch Abbrevia- 
tions when the Denominator is caſt away; that is, 


if the Anſwer be a whole Quantity, put the Figure 


x under it: Thus a= and a + x ＋ 4, expreſs'd 


f like a Frattion, is, <T274 
o Compare this with Caſe 4. in Vulger Frafiou, 


CaAsE 


=>, kh > 


no LL TS SS 


2E 
; 


5 
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CAE 5. 

To reduce Quantities of unrgua Denominators 10 
ALGEBRAIC FRACTIONS, having @ common De- 
nominator. | | 
Multiply all the Deniiminators continually for a, cem- 

mm Denominator, and every Numerator into all the 

Deniminators except its own, which ſhall be new Nu- 

merators. % | 
Thr. T think I can do this directly. 13 
Phi. No Doubt of it, for it is the ſame as Caſe 7. 

in Reduction of Yulgar Fractions. 
 ExAmPL K I, 
Rau J and 7 10 Fractions having a common 
EX Dia © nor. e : 

Hi. Firſt then, 5 x dx f = le for a common 

Denominator. Then, a X 4 = adf N. N. 

Again, c x BX = c N. N. And laſtly, ex d * 

b= edb N. N. So are ad, ch, edb, new Numera- 


tors to be placed over the common Denominator yu, 
and will ſtand as follows: Rb: x 


Tf = | by Caſe 4. 


— 


Phi. You are very right, Brunculut, and I am 
Had to ſee you ſo Leary: | You ſee therefore _ 
Lt, S 

2 Compare this ne 5 in Vulgdr Fractions. 


102 Abpiriox of 
the Order of Algebraic Fraftions is the ſame as 


— 1 | 

Ju. Yes, I perceive it, and I find your Words 
true now, that to underſtand Vulgar Frattions well 
faves a great deal of Trouble, that muſt unavoidably 

happen to thaſe that are ignorant of them. Pray what 
comes next ? 

Phi. I have here ſhewn you three Caſes more 
that are in general. taken Notice of, that you might 
ſee the Relation that Agebraic Frafions bear to Vul- 
gar. I ſhall therefore ſhew you now how to add 


them together. 


SEC T. IL 


ADDITION of VULGAR FRACTIONS 
Tyr. S Reduction of Algebraic Fraftions is like 
II Pulgar, I imagine that Addition is done 
much after the ſame Manner alſo: Is it not? 
| _ The "yy fame: Tou cannot miſs, Come, 
add = and— together... | 
Tyr. Becauſe the Quantities have a common De- 
nominator, I only add the Numerators, viz. V 
＋ d, under which I place the common Denomina- 


tor, x, and their Sum js DET 
Phi. Very tignuat. 
EXAMPLE 2. 


be F 
ad, = and —together,. 


Tir; 


=2 + © £9 


SS 


ALGEBRAICFRACTIONS. 103; 
Tyr. Fiſt x X 4 X a = ada for a C. D. andb x. 
4x a.= bdaN.N. Again, cXxXa =.cxaN. N. 
Andilaſtly, f x dx * = fdx N. N. which I add. as. 


under : 
Ni. Numerators 


3 
Anſ. bda T cr + für 
n 
Or if you ſet down all the new. Numerators oven 
their common Denominators, and abbreviate them 
; by Caſerthe 4th, you will ſee they are the ſame, and 


will equivalent to the Fractian given. Thus, 
bla d cxa c = - _ 


add: 


— 


5 xda *, A nga | as 
Now will aſk you one, ify you plats with mixs 

: Numbers. 

5 Phi. With all: my Heart. 


EXAMPLE, 3. 


Tyr. Aud. 4 = and ed f. tegether, 


Phi. The Quantities not being alte. I add them 
only by the Sign ++, and add the Fractions to them 
aſo by the. ſame Sign as they ſtand. Thus, their 


fam Js an 27 Qu otheriviſs thus, 4.x · L of 
+ E£&I or; IE? + @- 


Tyr: 2 it were LA too much Trouble Philoma« 
ther, I ſhould be glad you would demonſtrate this a. 
litle plainer to me. 


7 HEY la. 
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Phi. That I'Il do three Ways. 


I. As the Quantities are unlike, T only place them 


one after the other, (according to Caſe 3. Dialogue 5.) 


and their Sum is a 4 1 ＋ 447 Or, 


2. By reducing the mixt Numbers to improper 
= i 
Fraftions, their Sum is —— = Lo — Or, 


3. Reduce the Frans: 75 7 to a common 


Denominator, you will have #39. which add 


the whole Quantities, and you wiſtares x = + 


bf + ag . 


gf -» 
4 however, T will even do more than you de- 


fired, you ſhall ſee the numerical Proof, Let x 4, 


then will 4.x = 16, and let the Fradtion = be = - 


Make c = 4, and d = 3, then will 44 * 3 
12, and let the Naction = be Now at your Lei- 
ſare add 16 4, to 12 3, you will have +23 = 29 + 
= the improper Fraction £220 —.— which 
> Nader EET ee og 
# before Q. E. D. Does this appear plain to you? 
Tyr. You lay me under the greateſt Obligations, 
Philomathes ; it appears quite eaſy to me indeed. 
Phi. I am glad of it, then you are qualified for 


Subtractian, and there is no Occaſion to dwell any 
longer upon Addition, 3 


„ SE. 


AIG II RAI FRACTIONS. 105 
anger m. 


SUBTRACTION ff ALGEBRAIC FAA c- 
TIONS. 


Tyr. H OW do you perform Subtraction? | 

Phi, By one general Rule, viz. If the 
Fraftions have a common Denominator, ſubtract the 
Numerators, by placing the Sign (—) before that 
which is to be ſubtracted, and place the Difference 
over the common Denominator; and if they have 
different Denominators, reduce them (by Caſe 5. 
dect. 1. of this Dialogue) to a common Denomi- 
tor, and then ſubtract the Numerators as in Sub- 


tration of Algebraic Integers. 
£23 EXAMPLE I. 
a 4 PR" VEL) 
From; take 5 
4. — 
Ex. 2. 9 
143 12x +c--6 
From 7 + g- ad+g 
Take $= e 
7 ＋ ad + g 
Difference_2* — 2? 10 2 + 2c 
F ad -\- g 
Tyr, I muſt confeſs I do not. apprehend. theſe two- 
aſt Examples, 


Bbi. 


abs Mul TIPEICAT: ON of, 
Phi. You do well to ſay ſo, for they are not to be 


- underſtood by every Learner at firſt Sight. Obſerve 


then, the Numerators of Example 1. are x N- b, and 
3% — x. Now (as before directed) I change the 


Sigan of the Fraction to be ſubtracted, and then it 


will be — 3 ＋ x, which added (for this you muſt 
remember to do when the Signs are changed) to 
* ö, makes 2 x — 2 5 for the Difference. And 
thus you muſt proceed with Erample 3. always re- 
membering that the negative and affirmative Sign de- 


fore the fame Quantity deſtroy each other, and you 


will ſind that 10 x + 2c remains. The fame is to be 
obſerved if the Factions have not a: common Deno- 


mitiator after they are once reduced to it; And 
thus much for Sun, provided you underſtand 


it. | r 5) 
Tyr. Fthank you for this freſh Inſtruction; I am 


now pretty well grounded in this Rule I believe. 


8 „„ 


— 
12 —— — og >, Ear ens — 


— 


SECT. IVY. 


MULTIPLICATION of ALGEBRAIC 
FRACTIONS 


Phi, WEE | Tyrunculus, what think you of 
YY Multiplication? | 
Tyr. I think I can work it without ſhewing, if 1 
am not miſtaken, 7706 9 OE: 
Phi. That is right, Tyrunculus, I love to ſee you 
bold and courageous in every new Undertaking: 


; Come then, — 
| | AGE, one 
Multiply g by 4. b Jr. 


Al1GEBRAtIC FRACTIONS, 107 


, Dr. If I remember, I am only to multiply the 
2 Numerators together for a new Numerator, and the 
1 Denominators tor a new Denominator. Thus, a X 
e * 22 „ be | 
EA and b X d = bd: As. 52 

2 0 ; N 1 

" Phi, You are very right. Now multiply 2 wh 
G 7 +: | £ £4 
= b 1 4 
IN | 


1 Dr. Firſt, 4% SN 34 == 12 b4 + 3 4d for a 
x NN. and g +axgx=9q-y aa for a N. D. 
„ Le will the Anſiuer nds oh on 
d 
d 


„ 9 + 9 xa 
Phi, Very well done, Tyrunculus, indeed. 


Dr. New, Sir, give me Leave to aſk you one? 


EXAMPLE 3. 
Mubiph LEEDS Gy 24 + 6 a. 1 
Phi, Why, Tyrunculus, the Multiplier being a 
whole Number, I make 2 Fraction of it, and it will be $ 
(+ Male, A ＋ 6 


Then multiplying the Numerators and Denominators 
ogether, I have | 
„ 24abx4- 2bb—5 obx-t- D. 6 Igor Or 
"Ty 4 | "EIS . 7 9 

REP 2 by 
ther, itis 24 ab — 44 bx + 72 ar 150 * TY 
woreviate, Do you underſtand it? * | 
Tyr, Les, very well, except the abbreviated An- 


wer. 


1 * * 


— — 2 ́6——— 
— —— — - 
N * E 
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Phi. Pray look at Caſe the 4th. in Reduction. You 
ſee as I have x for the ominator, I caſt away or 
cancel x alſo in every Part of the Numerator ; and as 
there is — 50 bx + 6 bx, this will be — 44 bx; then 
cancelling x, it is — 44 6b, and x at laſt is ſet under 
the Quantity 2 abb Fraftion-wiſe, becauſe x is not 
found in it. 

Tyr. I heartily thank you Philomathes, for this 


| Information. 
Phi. EXAMPLE 4.  ExAmMPLE 5, 
f c c 
Mult. 6 T Mult. 4 bs T 
by @ by £ 

dba + ca — 2 | — 

Anſ. z0blxd N 5 

4 Anſ. —— 

9 dx 


Reduce the mixt Numbers to improper Frafions, 
and proceed as before, you will have the Anſwers as 
above; which I beg you will try at your Leiſure. 

Tyr. I thank you, Philomathes; I will try it di- 
rectly. Pray have you any Thing further to ſay of 
this Rule? 

Phi. Nothing but this, that when it is required 
to multiply any Fraction by its Denominator ; then 
caſt away the Denominator, and the Numerator 
alone is the Anſwer. Thus, © X x gives d: For 
WOT; 8 0 6 9 þ + 7 dr 
7 * * Is nn 4x ＋ 4 l 
4 * + 4 gives 95 + 7 dr Anſ. = to the Nume- 
rator, This is evident; for ſuppoſe + to be _ 
| P 


«. a KD AM mah 


rr mes 


Davis 10 %% &c. 406 
plied by 7, it is K 7 = z the Numerator 
of the original Faction +, which in Fact is, only 
multiplying its Numgratos by. Unity. or 1. And now, 


Trunculys, ue will-proceed to Divifies, 
—ů— — rare: —_— — —— ens 
SE CT, V. 


DIVISION of ALGEBRA4C FRACTIONS 
Tyr. | Dare ſay I ſhall not be able to work Diwifon 


without ſhewing. 

Phi, Poh! You are now going to be dead-hearted 
again, and without Cauſe; and I had much rather 
find you as bold as you were in Maltiplicatian. Con- 
lider, Tynamculus, that every Learner may be com- 
pared to a young unexperienced Soldier ; and though 
we will not call Arithmetic his Enemy, yet he has 
got many Skirmiſhes to go thro', and muſt not only 
fight, but that valiantly too, to overcome them; for 
a Field is ſeldom, wan by Cowardice : Beſides, Ty- 
runculus, I 2 hitherto furniſned you with Weapons 
proper for ſuch Engagements as have met with, 
and I hall take Care to LE vac with others for 
every freſh Attack; and do yon but leaen to handle 
them well, and you need not fear but you will al- 

le 

Jr. Lou lay me under t | i ns 
to love and thank you, for 3 of me. 
Pray then how is Diviſion — e 
zi. The ſame as in Vulgar Fraftiens.  Aﬀaltiply © 
the Numerator of the Dividend unto the Denominator 
V the Nivifor for a new Numerator, and the De- 
honinater. of the Diumend into the Namerator of the 


Diviſer fer a new Denominator, 
* 2 dds 


oy Drv4s10w of," &c 


A Ex. 1 J. 27 | "Ex: 2. 8 Ex. 3. 

enn nnn ( 
Divide — by — by — — by — 

| 5 y Maxi FE : by | 

; 1. — | — 76a 16 xxc , 

g4 6＋— — 


Hr. 1 underſtand it very well; but ſuppoſe 
the n to have one and the ſame Denomina- 
tor ' 

" Phi. Then caſt away both the Denominators, 
and divide the Numerators only. 


"EXAMPLE 4+ 


Divide r , IH 


cz = oh Then it will | 
we = thus Divide e (a+ Hof 
| 2 by rere 
0 Aer 
1 A 7 
e 5546 | ; i : take 
Do you underſtand theſe Examples * 5 


Dr. Yes I do quite well. 

Phi, Where then is the Difficulty - you fo much 
en of 

Hr. 1 muſt confeſs that 1 was 6 1 foarful juſt a 
now. | 

Phi. I know it 1 wool fee it an your! Couatc- 
nance. 6 

Tyr. You have been ſo kind, Gap I maſt confeſs ( 
I:cannot-value you much! nor can b repay you 
bo with Thanks. 1 

i. 


fe 
4 


ch 
aſt 
Ce 


els 
ou 


hi, 
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Phi. I do it to ſerve you, as I obſerv'd, and if you 
receive Benefit by my Inſtructions, return the Thanks 
elſewhere. I only deſite you to be chearful and cou- 
rageous, not timorous, for that will hinder you . in 
your Purſuit. 1 wt 

Hr. J will endeavour to follow your Advice in 
every Reſpect ; but it is a dull; Study for Learners 
for the firſt few Rules. 

Phi. I own it is; but now you are paſt the worlt : 
You have in a great Meaſure drawn aſide the Ma 
and as ſoon as you are acquainted with the Rule of 
Proportion, and underſtand a little of ; Equations, 
(which you will ſoon do) it will then fall quite off, 
and you will * with Pleaſure be raviſhed. with the 
Beauty of its Face, and the Symmetry of its Parts. 

Tyr. How long will it be before I come to the 
Rule of Proportion ? 

Phi. I ſhall ſhew you the Nature of, it direQly. | 


— 


— ——— 


tt. * 


_ * * 


DIALOGUE vn. 


Of PROPORTION in general. 


Tyre WH. H AT do you mean by Prop r | 
hi. Proportion is the — Reſpect 
or Quality, _ Numbers or Quantities bear to 
each other, by a certain Ratio, Reaſon, Analgy, or 
Compariſon. 
Tyr. Is not Ratio and Proportion then all one and 
the ſame ? 
L 2 Phi, 
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Phi. They are oſten uſed and ſpoken of as one 
and the fame Thing, but there is a Difference; for 
Rrictly ſpeakin ario is not Preportion itſelf; but 
ſhews the Difference of Numbers, by comparing 
one with the other; ſo that by it are ſeen the Reaſon 
er Analogy that the Aitetedent bears to the Conſequent, 
by fuch and fuch Comparifon, and in Courſe the 
_— that the Numbers bear to each other, 

3 do you mean by Aunteccarnt and Con- 
2 Phi. In any two Numbers or Quantities, the firſ 
Term is called the , the fecond the Conſe- 
quent, Fhus, 4, 8, Te. 4 is the Antzredent, and 8 
the Confequent ; the Ratis is 4, becauſe 8 is 4 + 4, and 
the Compariſon is 2, becauſe 4 and 8 compared, one 
bs twice the other. So Aſo in any Series of Num- 
bers, at 2, 6, 10, 14, 18, Sc. 2 and 18 are the 
Antecedent and Confepuuent, and all the others between 
them are both Antecedents and Conſequents. 

Tyr. I underſtand you very well but pray how 
many Sorts of Proportion are there? 


_ Phi, There is, 1 Disjunct in, Or the Rule 
\dire}. 2. Arithematical Propertion, or Pro- 


Hon. Geometrical Propertion, or Progreſſim. 
- Duplicate 1 5. Triplicate — 
6. Harmonical Proportion. And, 7. Contra- harmo- 
nical Proportion, &c. But it will be ſufficient for 
our preſent Purpoſe to ſpeak of the firſt Three only, 
fince the Knowledge of the others depend upon 


SECT. 


_—_ a 


— DB C. 


Go & Kk, m——=> 


S o © 2 - 


SOT 1 - 


excellent Uſe, I beg you would un the Nature 


well acquainted with the following Obſervations, 


in Proportion, according to the Order of the Rule 
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— 


SECT. II. 
Of Dizect PRoPoRTton, or the RuLe of 3. 


Tyr. HAT have J more to do with Propor- 
tion, ſince I can work * Rule of 3, very 
well ? 

Phi. That may be; and yet you may not rightly 
underſtand the Nature of it. A great many Perſons 
deceive themſelves in this, for though they can work 

a Queſtion according to the Order of the Rule itſelf, 
yet they are quite ignorant of the Relation or Pro- 
portion which one Number bears to another, notwith- 
ſanding it is evidently known that one Half of the 
Mathematics depend upon it. 

Tyr. I thought if I could but barely work the 
Rule it was enough, ('till you ſhew'd me to the con- 
trary in Abbreviations ;) but ſince I ſee it is of ſuch 


of it a little plainer to me. 
Phi, I intend it; but before I. give a Demonſtra- 
tion, it will be quite neceſſary that you ſhould be 


and then the Demonſtration will appear quite plain 
to you : So that my Advice i is, you woald read them 
oyer again and again. 


OB$sxtRv. 14. 


* 


Any 40 Number re Que bein pra- 
pounded, after you have found a fourth Number 


uf 7. direct, then the Proof of ſuch Work is eaſily 
L 3 diſcovered; 
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diſcovered; for if it be done right, the Proportion: 
will always hold thus ; wy : 
As the 1f: : 4th. 
Or, as the 1/t: — 24: 4th. That i is, the 17 
bears the ſame Proportion to the 3d, as the 24 does 
co the 44h. 
Oss ERV. 2. 


The Product of the ½ and 4th is equal to 1. 
Product of the 2d and 3d. Fhat is, the © Produd of 
the Extremes is equal to the Product of the Mean: : 
For the 34 divided by the , is equal to the 45 
 Eivided by the 24, Ir 


OB$ERY, 3. 
to te ProduQ of the 2d and 30, 


} L The —— 


2 4. 


F if and 4th; 
the 34 


OB38Rv. $, 
+. 7,75 romeo Seer Hand 4th, 


,þ 00G 6. 
equal to the Product of 2e 


ny in the Rule of Proportion. But pray ex- 
yin ha Oblrans to ma by on Det 


I will both by Quantities and Numbers, 
al . — . 
x 


ST ST & w-P 


EY 
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DzMoNST-RATION. 
Eet the 4 Quantities x,. ö, c, and d, repreſent: 
any 4 Numbers in direct Proportion, viz. 
Let 2, b==4,.c==12, and d==24. . 


- Literally 


mic xls 
(0! 
lle 


»I* Ils 


S 
[a 


Numerically, . 
As 2: 4 12: 240 & 
As 2: 122: 4. 241 
2X 24 =4X 121 
4+ REDS ; 
2: 12 \F 
4 24 2 
242 [8 
„ , 
THEE 


From- the: four - laſt Steps, each Term. is found as 


4. +: 


x 


* 
- 


I ſhould think, Tirunculus, the numerical Work is : 
fo plain, that — help underſtanding the /ite- 


ral, ſince the 


teps of one anſwer to the other. 
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Tyr. Nothing can be plainer indeed. But pray 
what do you mean by Steps? and what is their Uſe? 
Phi. Thoſe are the Steps that ſtand in the Margin 
of the Work, number'd 1, 2, 3, Sc. Their Uſe is to 
ſhew the gradual Proceeding of the Operation, that 
— go on gradatim, or by degrees; that is, Step by 
tep. 


* Proportion ? | TG. 

Phi. I have nothing more to add but this, that 
when Quantities or Numbers are in a direct Propor- 
tion, they are alſo Proportionals by Alteration, Inver- 
fron, Diviſion, Converſion, and Compoſition, &c. See 
 Euc. 5. Deſe,12, 13, &c. 


OS" "Os 
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Tyr. W HAT is Arithmetical Proportion? 
Phi. Numbers or Quantities are ſaid 
toe in Arirhmetical Proportion, or Progreſſion, when 
they differ from one another by a certain Ratio, or 
the like Reaſon, Thus, 2, 6, 10, 14, 18, 22, &c. 
are Numbers in Atithmetical Progreſſion, becauſe they 
qiffer from- one another by the like Reaſon, viz. by 
4, which Difference is called the: Ratio. So 1, 19, 
37, 55, Sc. differ from each other by-the Ratio 18, 
as you may. perceive ; for 1 + 18 = 19, 19 + 18 
'= 37, 37 +18 = 55, Cc. From hence will fol- 
low. this. Obſervation, - 


Tyr. Have you any Thing further to ſay of direct 
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OnsSBRY. 1. 


Any 3 Numbers or Quantities in Anithmetical Pro- 
portion, the Donble of the Mean (or middle Num- 
ber) is equal to the Sum of the Extremes. 


Numerical Demonſtration, a 


Let the 3 Numbers be 5, 13, and 21, whoſe Ratio 


or common Difference is 8; the Double of the Mean 
and 21, 


1% is equal to the Sum of, the Extremes, viz. 5. 


| | Literal Demonſtration. 

Let be put for the firſt Term 5, and let e re- 
preſent the Ratio, which is 8. Then will a + e 2 
13 the Mean, and x + 2e = 21 the third Term. 


PROOF. 
Mean. Extremes. 
4 1213 x + 20 211 av 
Ad #42223 - „ == 3 Ad 


M. doubled 2x420=226=21-þ-22=26 Sum of Ex. 


* 23 plai 1 ho 3 indeed ! 
wy Mm always put thi er () to repre- 

ſent the Ratio 8 e 
Phi, This is at your Option; you may uſe any 


Letters, provided you put one for the Terms, and 


another for the Ratio, or Difference of. the: Terms, 
OssER v. 2: 


Any 4 Numbers or Quantities in Arithmetical Pro. 
porizon,, either continued or diſcontinued. and inter» 
Er rupted, 
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rupted, the Sum of the Means is equal to the Sum 
of. the Extremes. ' 


on Numerical Demonſtration, 
Let the 4 Numbers in Arithmetical Progreſſion be 
4, 16, 28, and 40, whoſe Ratio is 12; then it is 


plain that 16 ＋ 28 the Means, is equal to 4 Þ+ 40 


the Extremes. 
Literally. 


Let à repreſent the firſt Term 4, and put x for 
the Ratio 12; then will a + x = 16, one Mean; 
and a + 2 x = 28, the other Mean, and a Þ 32 
= 40,.the lait Term or Extreme. 


| P ROOF. 

Means. | Extremes, 
a + x= 16 a = 2: 
a + 2x = 28 a + Zr = 40 


Means 2a + 3x = 44 = Extremes a+ 3 44. 


N.B. It would be the ſame if the Numbers had 
been diſcontinued, provided the Interruption be be- 
tween the 24 and 34 Term. Thus, ſuppoſe the 4 
Numbers were 4, 16, 124, 136; then 4 + 130. 
' 16+124=1409. For there is the ſame Ratio be- 
tween the 3d and 4th, as there is between the / 
and 24, viz. 12- Ti-- 
Br. I heartily thank you, kind Philomathe:: 
Haue you any Thing further to add upon this ? 

Phi. I am net willing to leave any Thing out that 
may be ſerviceable ; but I think I have ſaid enough 
upon this Rule for your preſent Occaſion. How- 
ever, it may be expected I ſhould teach you to 2 

5 ome 


— K reg 
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m Wome Queſtions, or at leaſt give you ſome Rules to 
work them by. | | 
Tyr. I think that Mr. Ward (in his Arithmetic, 
Page 76) ſpeaks of twenty Theorems belonging to 
be WI this Rule; but he has given Examples only of two 
is of them, and the other eighteen I find in his A- 
o ra, Page 186, but having no Rule for them, they 
are (I ſhould think) beyond the Reach of moſt Learn- 
ers. I ſhould have liked he had given the Rule for 
finding them, though he had not done the Operation 
itſelf; becauſe by a plain Theorem, or Rule to work 
by, any aſſiduous Learner would know how to put 
3 * WH Things in Practice that are not veiy difficult; but 
how ſhould he know when he has no Rule to go by 
nor any Tutor at Hand. | 
Phi. Had he given you the Work of fix Theorems 
with their Rules, you might with Eaſe have found 
out the reſt.;-as you will diſcover by the ſix following 
Caſes ; the 2d and 5th of which will anſwer to his 
two in Page 74 of his Work. 


* 


wn Wo WF i OT | ha 
be WY The Number vr Places of Terms, and the Ratio or com- 
e 4 mon Exceſs being gruen, to find the laſt Number, 


be⸗ Multiply the Number of Places leſs one, by the 
W Ratio or common Exceſs ; and to that Product add 
the firſt Number, and the Sum will be the laſt Num- 
hes: r 3 


CASE 3. 


ugh De fr, and laſt- Number (viz. the Extremes) and tht 
oW- Number of Terms being given, to find the Aggregate 
york or total Sum of all the Series. We, 

ſome Add 
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Add the firſt and laſt Numbers together, and mul- 
tiply the Sum by Half the Number of Places, and 
you have the Total of all the Series added together, 
Or, in Cafe the Number of Places be odd, then add 
the firſt and laſt Numbers —_ and multiply the 
Sum by the whole Number of Places, and divide that 
2 2, and you have 'the Aggregate or total 

m. 


, Vaan 
The Extremes and Total given, to find the Number of 


Terms. 


Add the Extremes together, and divide the Total 
by their Sum, and the 3 will be equal to Half 
the N umber of Places. 


| CASE 4. 
The Total and Number of Terms given, to find the laſt 
. | oe 


Divide the Total by Half the Number of Places, 
or in Caſe the Terms be odd, divide double the To- 
tal by the Number of Terms, and the Quotient will 
be a Number; from which if you take the firlt 
Term, the Remainder will be the laſt Number. 


25 CASE 5. 
The Extremes and Number of Terms given, 70 find the 
| Ratio or common Exceſs. 

From the greater take the leſs Extreme, and the 
Remainder ſhall be a Dividend * then from the Num- 
der of Terms take Unity, (viz. 1.) and the Remain- 
der ſhall be a Diviſor; and the Quotient riſing from 
them ſhall be the Ratio, ot common Difference of 
the Terms, | | 


'Cast 


* 
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CASE 6. 


The Extremes and common Exceſs given, to find the 
Number of Terms. 


From the greater take the leſs Extreme, and di- 
vide the Remainder by the common Exceſs; then to 
the Quotient add Unity, or 1, and that Sum will be 
equal to the Number of Places, 

Tyr. "Theſe Rules are very plain indeed, they need 
no Example. 

Phi. Example and Precept are beſt together, 
therefore I will give you an Example in Caſe the 24 
and Caſe the 5th, and you will, no Doubt, do the 
reſt upon fuſt Trial. 


EXAMPLE of CASE 5. 


Let the Number of Places be 8, the Extremes 4 
and 39, 1 demand the Ratio? | 

Firſt, 399 — 4 = 35 Dividend, then 8 — 1 = 7 
the Diviſor, and 35 — 7 gives 5 the common Ex- 
cels. Proof 4, 9, 14, 19, 24, 29, 34, 39. 


Or literally thus: 


Let x = 4 leſs Extreme, and e = 39 the greater, 


and þ = the Number of Terms; then will 7 —= 


= 5 the Ratio as above. 

Tyr. I underſtand it very well. Now give me 
one Example of Caſe the 2d. 

Phi, 1 will. 


M | Ex 
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cirning the Diſtance, and the Time it would take to ga- 


ö 
1 
1 
1] 
* Z 
9 
N 
| 


ExAMPLE of CASE 2. 


Let the Numbers be as above, viz. 4, 9, 14, 19, 
24, 29, 34, 39. It is required to find the Aggre- 
gate or total Sum of all the Terms added together, 


Firſt Number or Extreme 4 
Laſt 39 


43 Sum 
This x : Number of Terms, viz. 4 


Totol 172 


Or literally thus : ] 


Let x be the firſt, and e the laſt Number, and let 
b repreſent Half the Number of Terms. 


Then x + e = 43 as above 
| 9 | 
Total bx -þ be = 172 as above, 


So that from hence you ſee another Rule to find the 


Total, viz. Multiply the leſs Extreme and the greater 
ſeparately by Half the Number of Terms, and add 
their Products together, it will be the Sum of all the 8 
Series. And thus, x, e, and*b, may repreſent the e 
Extremes and Half the Terms, be they ever ſo many 60 
which you are carefully to obſerve. 1 
Tyr. I like this very well, and J am ſure it is far l 
from being hard. 100 c 
Phi. I thall leave you a Queſtion to try at your 
- Leiſure to ſee if your Anſwer be like mine. 1 
Three or four Men in Company were diſputing con- d 
\ 


ther 


„ tw wy C3 
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ther up Stones laid each a Yard aſſunder for one Mile in 
Length, and bringing each Stone back ta the Place they 
began at. A filly bragging Foctey (who had preſent a 
good Horſe) ſaid he could ride further than contained ta 
that in three Hours, A Sharper in Company taking 
Advantage of his Folly, ſaid he would venture him jifty 
Guineas he did not ride his Horſe ſo far in three Days; 
the Fackey umwarily conſents ; the Wager is flaked, and 
he was to ſet cut next Morning; tut lang before this he 
found it better to yield it liſi than make Trial of ſuch an 
Impeſſibility, it being 1549680 Yards = 860 Miles and 
a Half ; which is upwards of 29% , Miles a Day. 

Tyr. Surprizing ! I will try at it very mortly, 
Pray what comes next ? = 

Phi, Geometrical Progreſſion, 


SECT. IV. 


Of GEOMETRICAL PROPORTION. 
Tyr, W HAT is Geometrical Proportion? 


Phi. Geometrical Proportion, or Pro- 
greſſion, is when Numbers or Quantities differ from 
each other by like Ratio or Reaſon, as in Arithmeti- 
cal er, only with this Difference, that in 4. 
rithmetical Progreſſion the Ratio is the Effect of Addi- 
tion, but in this of Multiplication, by having one 
common Multiplier. 

Tyr. Pleaſe to explain this more clearly to mes? 

Pbi. Obſerve then, 2, 4, 8, 16, 32, 64, = &c. 
are Numbers in Geometrica! Proportion, and differ by 
double Reaſon the one from the other, the common 
Multiplier being 2. They are every one you ſee the 


M 2 Double 
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Double of the preceding Number. So alſo 47. 12, 
36, 108, Sc. differ by triple Reaſon, each Term 
being three Times its preceding one, And 1, 4, 16, 
64, 256, Sc. differ by quadruple Reaſon, Sc. Ce. 
Sc. 


Tyr. I underſtand you now perfectly well. 
Phi, Then you are to obſerve as follows. 


OBSERV. 1. 


Any three Numbers in Geometrical Proportion, the 


Product of the Extremes is equal to the Square of th. ru 
Mean; that is, equal to the middle Term multiplied be 
by or into itſelf, 


Let the 3 Numbers be + 16, and 64. Here x 


Literal Demonſtiration. : 
{ 
Let x repreſent the firſt Terms or Extr:me, and be 


let e be put for the Ratio, then will xe be the Mean, 
and xee the laſt Term, or other Exireme; then will 
x Xx xee be = the Square of the Mean xe, viz. xx. 


PRO Ox. X 

Extremes, Mean, te 

bt” es by > v6 { 

xee = 64 xe = 16 t 

Product xxee == 256 xxee = 256 E 
a 

Tyr. 1 underſtand the Example very well. j 
bi. Once more then obſerve. 1 

1 


OnsERY, 


l 
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OBSs E Rv. 2. 


Any four Numbers or Quantities in ==, either 
continued or interrupted (proyided the Interruption 
be between the 24 and 34 Term) the Product of the 
Means is equal to the Product of the Extremes, 


/'EXAMPLE. 


Let the 4 Numbers be 5, .15, 26, and 78 inter- 
rupted ; then 5X 78 = 15 Xx 26 = 390. It will 
be caſy to prove the ſame literally as above. 


OBSERV. 3. 


The Ratio of any Series of Numbers in con- 
tinved, is found only by dividing any of the Conſe- 
quents by its Antecedent, that is, dividing any Num- 
ber by the preceeding Number. 


OBSERY. 4. 


Whenever ſo many Numbers or Quantities differ 
by double Reaſon, and it is required to ſind the laſt 
Number of all, the- general Way of moſt Perſons is 
to double the 1/4, 24, 34, 4th, c. Number, ard 
ſo continue to do till they have doubled as often as 
there are Terms given. But, | 4 

There is a better Way when the Places are a 
great many, for you have no Occaſion to double but 
a few of the Terms, and then multiply that Number 

i to itſelf, and the Product will be the Double of the 
— wanting one; which doubled, gives the next 
Term, Cc. &c. 

Tyr. This muſt be further explained to me, I do 


not apprehend it. . 
M 3 P 
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Phi. It is a little dark in Words only; but you'll 
underſtand it the Moment you ſee it done, 

Suppoſe then a Series of Numbers in == from 1 to 
80 Places were given, which differ by double Reaſyn, 
and it was required to find the laſt Number. Firſt 
double a few of them, ſuppoling to the 5th Place 
(which may be done by the Head only) then ſquare 


this Number, it thall give you the 9th Term; which | 


doubled, gives you the 10th Term; this ſquared 
gives the 19th Term, which multiplied by 2, gives 
the 2cth Term; this ſquared gives the 39th Term ; 
which into 2 gives the 40th ; this into itſelf gives tie 
79th; and laſtly, this doubled gives the 80 or la 
Term, Sc &c. Oe. 

Tyr. You need not demonſtrate it any further 
but how ſhall I find the Sum or Total of all the 
Series ? | 

Phi, Very eaſily, by either of the following Me— 
thods, | 


/ 


OBSERVv. 5, 


To find the Sum of all the Series. 


1. Moltiply the laſt Term by the Ratia, or com- 
mon Excefs; and from the Product ſubtract the firſt 
Term; then divide the Remainder by the Rat: 
wanting 1, and it will give you the Sum of the 
Series. Or rather, 

2. From the laſt Term take the firſt, and divide 
the Remainder by the Ratio, or common Exceſs, leſß 
Unity or 1; then multiply the Quotient by the Ka- 
tio and to that Product add the firſt Number, and 
you will have the Sum of all the Series. 

Dr. I heartily thank you, kind Philomathes, for 
your T1ouble, 


i 4. 2 


Phi. 


Ne 


lt 


(s 
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Pi. I ſhall not give you any Examples at large, 
but only ſhew you that the Increaſe of Numbers in 
- is beyond the Belief or Conception of People in 
general. Thus, a Horſe having 8 Nails ih each 
Shoe, and being bought or fold at only 1 Farthing 
the firſt Nail, and double the Price for the next till 
you come to the 324 Nail, would amount to the 
Sum of { 4473924 55. 34. 2. And one Nail more 
would make it { 8947848 1cs. 7d. 3. Thus alſo 
if a Farmer's Servant ſhould agree with his Maſter to. 


ſerve him 20 Years, for 1 Grain of Wheat only the 


firſt Year, and 10 the next, and ſo to have 10 
Times the Number every Year, he would have 
11111111111111111111 Grains for his Service. 
Now allowing according to the Standard, that 7860 
Grains make a Pint the Number of Buſhels will be 
226050 163425926 nearly; which at ſo ſmall a 
Price as half a Crown a Buſhel will amount to 
2825701678240: And ſuppoſe a Ship to carry 
1000 Loads for her Burthen, it would take ooo 
Times more ſuch Ships in Number than the whole 
World can furniſh. Which according to the fore- 
going Rules you may try at your Leiſure. 

Tyr. Surprizing indeed! depend upon it I will try 
it for Curioſity ſake 3 but pray before you finiſh this 
Head give an Idea of Harmonical Proportion. 


Phi. Harmon al or Mufical Proportion is when in 


3 Numbers given, the Difference of the 1 and 2d 
is to the Difference of the 2d and 3d, as the I is to 
the 34; or when in 4 Numbers given, the Difference 
of the 3/7 and 2d is to the Difference of the 3d and. 
4th, as the / is to the 4th. And, 

Cintra har monicul Proportion is when in 3 Numbers. 
given the Difference of the I/ and 24 is to the Dif- 
ference of the 2d and 3d, as the 3d is to the 1½; 
and ſuch are 6, 10, and 12. | Tyr, 
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Tyr. I am oblig'd to you. Pray what is the next 
Thing we are to learn? 

Phi. You are now come to Equations, and pra 
take the greateſt Care you poſſibly can, for the ſolv- 
ing of Algebraic Queſtions depend upon the true 
Knowledge thereof. 

Tyr, I will be diligent to obſerve what you ſay. 


— —— 


* 


DIALOGUE VIII. 
Of EQUATIONS. 
FRET. t 


Of REpucTIoON. 
2 


Dr. W H A T do you mean by an Equation ? 
Phi. An Equation is an exaCt Equality, 
or the mutual agreement of two or more Things 
when compared together. Thus, when a Pound 
Sterling is compared with Shillings, it is found equal 
to 20, and a Crown compared with Groats is equal 
to 15 ſuch Pieces; therefore there can be no Equa- 
tion where there are not two Things at leaſt, becauſe 
there can be no Analogy or Compariſon : And when 
there are two Numbers or Quantities, or more, to 
be compared with each other, you will always find 
this Sign ar Character (=) placed betwcen them. 


Demonſlration. 


' Suppoſe x to repreſent a /. Sterling, and d 240 
Pence its Equivalent, then it is evident that & = 4. 
; Again, 


ly 


Y- 


in, 
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Again, Suppoſe g to repreſent 5 Shillings, and e 15 
Groats, then will g = e. But ſuppoſe g to repreſent 
a Shilling only, and e one Groat only, then there 
muſt be | "api before the Quanties to form an 
Equation; for whereas before g was equal to e, now 
here it will be g = ze, or 5g = 15e; viz. 15. = 3 
Groats, 5 5. = 15 Groats, Cc. 

Br. I underſtand the Demonſtration very well. 

Phi. You are further to obſerve, Tyrunculus, that 
in every Equation there are two Parts; that Part 
which ſtands before the Sign is called the firſt Part, 
and that aſter it the ſecond, | 


EXAMPLE, 


Suppoſe x = 4b + e, then is u on the firſt Part 
equal to 4 Times the Quantity repreſented by þ on 
the ſecond Part, together' with the Quantity repre- 
ſented by c, added to it. | 

Tyr. Pray how are Equations formed ? 

Phi, This is a Queſtion that I cannot anſwer as 
yet to your Underſtanding ; but you may learn thus. 
far, that when one or more Letters, repreſenting any 
known Quantity, are found on the ſame Side of the 
Equation with other Quantities that repreſent un- 
known Quantities; then they muſt be ſo managed 
as to be brought on the other Side of the Equation 3; 
ſo that one Side of the Equation muſt be poſſeſſed by 
unknown, and the other by known Quantities, with 
the Sign of Equality between them ; and thus will 
the unknown Quantity be diſcovered : And this is 
call'd Tranſpoſition. From hence will follow thefe 
Arioms, or ſelf-evident Principles, which I beg you 
would get by Heart, at leaſt fo as to know their Uſe. 
and Meaning, 

| Ax10M, 
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een. 

If equal Numbers or Quantities be added to equal 
Numbers or Quantities, their Sum will fill be equal; R. 
that is, ſuppole @ was == 4, then by adding any 
Number or Quantity to each Side of the ESU 
(ſuppoſe 12) it will Rill be equal; chat is a + 12 
= 4 + 12,-= 16, Ce. : 


AXIOM 2, 


If equal Quantities or Number be ſubtracted pb 
from equal Quantities or Numbers, the Remainder I u 
, will be equal. Thus, ſuppoſe x = 12, then by * 
ſubtracting 8 from each Side, x — 8 = 12, - 8 ill ;, 


= 4; Oe. 
AXIOM 3 
If equal Quanties be multiplied by equal Quan- 
tities, the Products will be ſtill equal, Thus, ſup- WF pe 
poſe x =8, and I multiply each Side by any Quan- | 
. tity or Number as 12, then will 12x = 96, This is Ig 
plain from the next Axiom. tit 


AXIOM 4, 
If equal Quantities be divided by equal Quantities, 
the Quotients will be equal, Suppoſe 12x = 96, 
then dividing by 12, x will be equal to 8, as r So 
Axiom 3. 


AXIOM 5. 01 

Thoſe Numbers or Quantities that are equal to Wl gu 
one and the ſame Thing, are equal to one another; 
that is, ſuppoſe x, or 5 — c, or se + 6, were either 
of them = to 144, then are they alſo equal to each 

ot er. SER the 

You will ſee more of the Nature of theſe Axiom | 


in the next Section, in treating of Tranſpaſition. 
a , 226 F 0 1. 
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SECT. I. 


REDUCTION by ADDITION, or, the Method of 
TRANSPOSING Numbers and Quantities. 


Tir. \ HAT do you mean by Tranſpoſition? 
TY Phi, Tranſboftion is the — al- 
tering, changing, or removing any Thing trom one 
Place to another, To tranſpoſe then any Number 
or Quantity, is. only to remove it from one Side of 
the Equation and placing it on the other with the con- 
trary Sign; and this anſwers to Axiom the 1/7 and 24. 
Hr. If I remember, you uſe this Character (e) 
for Tranſpoſition: Do you not? ; 

Phi. Yes, I ſhall throughout the Work, and where 
ever you meet with it read the Word tranſpoſing. 

Tyr. Very well. Pleaſe to give me ſome Exam- 
ples in Addition? 

Phi. I will ; and pray remember, that Addition 
is nothing more than removing every negative Quan- 
tity to the "contrary Side of the Equation, and making 
it affirmative, 


EXAMPLE 1. 


Suppoſe | t | + — bc, Then @ —6b 
[2] x=c+6 Anſ. 5 


* 


Or be Axiom 1 adding ++ J to each Side of the E- 


quation, it will be 
I|x—b=c | 
2] TS it is 
3] #=c+ b as before; becauſe =þ „ þ on 
the firſt Side of the Equation deſtroy each other. " 
IE x- 
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EXAMPLE 2. 


Let II «-A- g= g. Then e —b 
| x—d=g +6. And o —4d 
3I x ANT. Auf. 


Or by adding + 4 + ò to each Side, 
1x — 4 — 5 | 
2 x +d+b= + 4-1-6, it will be 
31x =g + 4+ as before, becauſe — d + 
and þ on the firſt Side deſtroy each other, 
Thus you ſee Tranſpaſition agrees with Axiom 1. 
Tyr. 1 perceive it does; but it is leſs Trouble to 
change the Signs, than it is to add equal Quantities 
on each Side. 
Phi. It is; but ſtill Axioms 1. ſhews you the Rea- 
ſon of it, which perhaps you might have known elſe, 
| Tyr. Pleaſe to give me another Example, and 


prove it by Numbers ? 
| Phi, Obſerve then. 


EXAMPLE z. 
Let iI - e d = aa Then g 4 
1 And g — bc 

3I * da ＋ d be. Anſ. 


Numerical Proof. 


The Equation is x — be — d=aa, Make — 
be = — 12, — 4 = — 8, and aa 25. Then will 


it be 

I 

F x — 12 = 25 8. And — 12. 
I3lz=25+8 +12= 45= a d ba: 
before. ES Aud 


„ 12 —8=25, Then gp - 8 


ill 


a? 
1d 
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And thus you ſee that Quantities may be repre- 
ſented by any Numbers at Pleaſure, and the Value of 
the unknown Quantity x may eaſily be diſcovered. 

Tyr. I like this very well indeed. Give me ſome 
more Examples. 4 | 

Phi, 1 will, 

EXAMPLE 4. | 


Let [1] 5x — 8= 24 — K. Then 9 —8 
2 5x = 24 + 8 —x. And o — 
3 5x ＋ x, that is, 6x = 24 + 8 = 32 Au. 


EXAMPLE 5l. 


Let }J1| x+—d — bc = 4 — 126, Then g — bs 
2 * — dg 4a — 125 ＋ bc. And gp —4 
3] x =aa—12b--bc +4. Laſtly, $ — 125 

4|x+12b= aa + be d. Anſ. 


Do you underſtand it? 


Dr. Yes, very plainly. | 
Phi, Then we will proceed to Subtraction, in 
which I ſhall give you the ſame Sort of Examples as 
in Addition, that you may ſee the Nature of both 
the better. 


a. n —_— — A * 


/ 8 


. 
REDUCTION by SUBTRACTION, 


Tyr, Underſtand Addition very well, and appre- 


it. | 
| Phi. You are right, for here you have Nothing to 
do but to tranſþo/e the affirmative Quantities or Num- 


1 hend Subtraction to be only the Reverſe of 


bers to the other Side of the Equation, and place the 
negative Sign before them. | 


N | Ex- 


, 
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EXAMPLE I, 
Let [4 I | x+b-=c, Then +6. 
x =c — b Anſ. See Ex. 1. Addition. 
Or by Axiom 2, ſubtracting — b from each Side, 
it will 4 the ſame. Thus, 
x + b=c. Then ſubtracting 
l — 5 =— b, it is 
3| x =c as before; ning b deſtroy 
wek other on the firſt Side. 


EXAMPLE 2. 
i|x+d+b=g. Thenp-þ+6b 
2| x +&d=g—b. Andgp +d 
3] x=g—b—d Au. 
Or by ſubtrating — 4 — 5b from each Side. 
1} x+4+b=g. Then 
2 — 4 — n —4—3 
3| x=g—b— 4, as above; becauſe ＋ 4 
| + bas 4 — þ on the firſt Side deſtroy each other, 


Let 


8 
x + bc + 4 = ag. hen @® + 4 
x + bs 4 — d. And e + b 
* = aq — d — bc Anſ. 


Numerical Proof. 


The Equation is, x + bc + 4== aa. Now let 

| be == 12, d = 8, and aa = 25. Then it will be 

| 1411218225 Then 8 

2 . 2 p 
4x 5 25 — 8— 122 nf. = aq — 

4 5 N 4 

: Pleaſe to compare this with Enamle in Addition 


you will ſee the YH are the — but the 
Difference 


Let 


1 
2 


13 


— 
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Difference of the Value of & is 40 leſs here than it is 
there, becauſe you ſee that what is affirmative there is 
negative here. And indeed I am of Opinion, that the 
comparing of them with each. other will-ſhew you 
more the Nature of each, than many Examples whoſe 
Steps are not alike, and confuſedly demonſtrated. 

Tyr. Indeed I think it almoſt impoſſible not to un- 
derſtand it, ſo plain as you have done it. 
Phi. Here follows then | 


EXAMPLE 4+ 


Let] 1 gx 18224 x. Then +8 
2] 5x2224 —8 + x 
5x — x, that is, 4x = 24 —8 =16, 
See Example 4 in Addition, 


ExXAMPLE 5. 


x + d + be = aa + 12b. Then e bc 
x + d = aa + 125 — bc. And 4 
3] S4 T 120 — c — d. Laſtly, 123 
4X — 44 2 121 — K — 4 Anſ. Compare 
this with Example 5 in Addition. 
Tyr I fee the Nature of both plainly. Have you 
Thing further to add-? 
Phi, It may not be amiſs to give you an Exam ye 
to exerciſe you in both, 


An E XAML E in both Rol Es. 
Exʒ AMF LE 5. 


Let] 1 
2 


2 4A +6 +c—d=142+g. By eh, 
3| 4x +c—d=142+g —b, Then ec, 
1 2 142 T4 3 — . And p—dz 
5 4 rn 


2 Numerica! 
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— 


Numerical Proof.” 


Let =g=—8, E b=12, +c=6 and — 
d'= — 16, what will x be? 
Then, 1 | 4x—8+12+6—16=142, By e — 8, 
* 2 | 4#-|-12-+6—16==142+8. By o 12, 
31 4x4+6—16=142+8—12, By 0 6, 
| | 4 | 4x—16=1424-8—12—6, And e 16, 
5 |4*x=2142+8—12—6+3z6 Aſ. as above. 
4 That is, | 
6 4xX=166—18. That is. 
| 7 | 4x=148. Therefore by dividing 148 by 
© 45 
8 hs: — = 37 Auſ. 


4 
- Tyr. I like this numerical Proof very much, it is ſo 
plain, and the firſt five Steps agree ſo with the /iteral, 
that there needs no more Examples of this Sort. 
CF Phi, I have proceeded indeed but one Step and 
|... | one Quantity at a Time, becauſe you might ſee the 
gradual Order of the Work; but you may as well 
tranſpoſe them all at one Stroke, for it is only uſing 
the contrary Sign goo know ; however, this is leſt to 
your Liberty and Practice. 5 
Tyr. I underſtand you very well. Pray what 
comes next ? 
Phi. You are now come to Multiplication, where 
you will begin to ſee the Beauty of Equations. 


; SECT. 


1 
2 
| 
) 
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28.60: M0; 


RepucTion by MULTIPLItATION. 


Tyr. OW is Multiplication of Equations per- 
formed ? 

Phi. Multipitcation i is performed as follows: 

1. When there is an Eguation between two Frac- 
tions having a common Denominator, then caſt a- 
way or cancel the common Denominator, and the 
Numerators will be equal to each other, 


EXAMPLE I. 


= Then 
2 = 4 Anſ. 


2. = if the Factions have not a common Deno- 
minator reduce them to one, after which expunge 
the common Denominator, and the new Numerators 
will be equal. 


EXAMPLE 2. 


4 1 == >. Theſe reduced to a C D. 
=, that is i 
50 50 : 
[oats anc 


3. Or if there be but one Fraftion, and that be 
made equal to any whole Number or Quantity, then 


only multiply the whole Quantity by the Denomina- 


tor of the Fraction, and that Product ſhall be equal 
to the Numerator, | 
N3 Ex- 


— 
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EXAMPLE 3. 1 
Let} 1 x == then. . 
2 | 12x = 24a Anf. 


4. Or, to prevent the Trouble of reducing the 
Fractions to a common De 1ominator, multiply the 
Numerator of the ſecond Fraction by the Deonmina- 
tor of the firſt Fradlion, and place the Product for a 
new Numerator over the ſecond Fraction, fo will the 
Numeftator of the firſt Fra#ton be equal to it in the 
Second Step Then multiply the Numerator of the 
firſt Fraction by the Denominator of the ſecond Frac- 
tion, ſo will this Product be equal to the ſaid new Nu- 
merator, and the Equation will be cleared from Frac- 
tions, and the unknown Quantity diſcovered, 


EXAMPLE 4. 

Let —— — Then 108 x 12 
uo * —1290 Then X 4 
3 4x = 1296, Then muſt 


1296 
x = — = 324 of 


14 


| Tyr. I like this Way beſt I muſt confeſs. 
| Phi. When the Numbers or Quantities are many, 
| 2 it is leſs Trouble indeed to do it this Way. Now 
: perhaps you will be diverted with the Proof. 
| + 12 glad to ſee the Reaſon indeed why 
| X I . 
{+ | * * 20 1 


2 
— 


Phi, 


Firſt, is proved to be equal to 324 as above; then 
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Phi. That you ſhall directly, and in a few Words. 


= = 27. So that = = — QE. b. 
Tyr. Very pretty indeed] But pray give me Leave 
to ſet you a Queſtion, and to defire you to do the 
Work at large: I affure you it will be of great Ser- 
vice to me, and I ſhall need no more Examples of 
this Sort ? 

Phi. You know or may know, I am always ready 
to ſerve you. Pray propoſe the Thing ? 

EXAMPLE 5. 


Tyr. Suppoſe . 12 = 1 + 14, what then is x 


equal to? 


Phi. A very pretty uſeful Queſtion, and I will do 
it ſo plain that I believe you will be ſatisfied with 
the Manner of it, becauſe I ſhall demonſtrate it as a 


landing Rule for all ſuch Examples. Let + 12 


2K 
1 14, 


DEMONSTRATION. 
Firſt, T multiply the whole Number 12, and the 


Numerator of the ſecond Fraction, (viz. — )and the 


whole Number 14 into the Denominator of the 
firſt Fraction viz. 4, and the Product are 48, 8x 
and 56 ; But whereas the Sign of Equality-(=) falls 


between the whole Number 12 and the Faction = 


I till keep it always in the ſame Place, till I have 
done multiplying the Whole ; therefore it will be ＋ 


_— 
— — — 


9 
2 
2 — 
— . 
2 —_—__ — - 
[ - —_— - —— 
pan Mr DA 2 
_ N — — * — — * > * 1 1 
— 7 
. ˙—˙» * 


wud — 
” — — 
— —— — 
— — — —5r — — 


PP 4 _— 


= 
— 
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＋ 48 = B + 56, under which I put the Denomi. 
nator of the ſecond Fraction, and ſo is the firſt Side 

of the Equation cleared of Fradtions, and will ſtand in 


| 8 
the ſecond Step, thus, 3x J 48 = 5 + 56. Then 


to clear the ſecond-Side from Fractions, I now multiply 
every Member of the ſecond Step into the Deno- 
minator of the ſecond Fra#tion viz. 3, except it be 
its new Numerator 8x) and then it will be in the 


third Step r - 144 = 8x + 161, and thus the 
whole Equation freed from Fraftions. Now tran. 


poſing 8x and + 144, I have in fourth Step qr 


— 8x = 168 — 144; that is, x = 168 — 144 = 
24, the Value of & required. (See the Work at 
large as follows, and compare it with what is above.) 
Dye Operation of EXAMPLE 5. 
4 


- 
: 


1] * + 22 == + 14. Then X 4 


r nw ; 
| 2 | 3x + 48 = = + 56. Which X 3, the 


Denominator of the ſecond Fractiom is 
gx + 144 = 8x-|- 168, Then @ 8x-+ 144, 


= 


gx — 8x = 168 — 144. That is, 
| XxX = 24. Anf. 
PROOF. 


UW 


75 prove that + 12 = = + I4. 


| Firſt x = 24 as above, then muſt 5 ＋ 12, that 


5 2 . 48 
ts, © + 12 = 30; and ſoallo = that is = + 14 
= 30. Q. E. D. * 28 27 * Tyr. 
* N. B. This is called Synthetica 1 Demonſtration, or Compoſition, and 
you may ſee this Fquariontuined into a Problem, and ſolved Agebruiculj 
- Dialogue 10, Problem 29, 2 | 


% 


4 


w 


A 
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Vr. Nothing can be plainer, nor more eaſy to be 


underſtood. 

Phi. If due Attention be given, as you obſerve, 
it is eaſy enough ; I ſhall therefore leave one more 
Example with you, and haſten to Diviſion. 


EXAMPLE 6. 
7 
34 * 
4x ＋ 144 = <= 162. This X 6, 
24x + 864 = 27x = 972, Then e 24x 
and - 972, ; 


864 ＋ 972 = 27x — 24x, That is, 
1836 2 x. Therefore 


. 612 Af. 


1E + 16 = 18. Firſtxg 


oo r 8 


Aeain, 


Suppoſe that 36 J- o == 72, then will x be found 


to be = 36. 
But here, Tyrunculus, you muſt obſerve, that 
if at any Time the Square or Cube of any unknown 
Quantity ſhould in the laſt Step of any Equation, be 
found to be equal to ſuch Number or *— then 
muſt you extract the Square or Cube Root of ſuch 
Numbers, and you will then have the Value of the 
unknown Quantity itſelf, - Thus, ſuppoſe xx ſhould 
at laſt fall out to be equal to 81, then is x = 9 the 
Sure Root thereof; and if xxx = 64, then will x 
= 4 its Cube Root. | 


Ex- 


— — 
_— — — — — — — 
- 
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ExAMPLE 7. 

—=44+5- Then 

xx = 176 + 20, that is, 


I 
2 
3| xx = 196. Therefore, 
4| x =y 196= 14 Anſ. 


EXAMPLE 8. 


Le| FFT 


| a L= i 

| | of ans 4- han bby be Then — x 
4 | xxx + be bf = bag 

Is| «= M N= 


Dr. I need no more Examples, what you have 


ſhewn me already is ſufficient. 

Phi. You may indeed reduce any ſimple Equation 
by what you have ſeen, therefore we will proceed to 
Diviſſion. 8 


SECT. v. 
RD Ton by Division. 
5. PR AY how is Diviſum of Equations per. 
formed? 
Phi. When any Quantity or Quantities that ar 
alike, poſſeſs both Sides of the Equation, divide each 


Side 


— 


Let 


t are 
each 


dide 
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Side by the ſaid Quantity, (which is the fame as to 
reduce it to its loweft Terms) and then will one 
vide be (till equal to the other: and if there be Frac- 
tions, clear the Equation of them, by multiplying all 
the Parts by the Denominators of the Fractian, as in 
Multiplication. | 


ExAMPLE 1. 
Let | I | xx = 16x + 12x, then = by x, 
21 x= 16 + 12 = 28, by Axiom 4+ 
Exam PLE 2. 


xxc + be x A＋ dex = Fr. Then * 
3x + bx + dx= x + ffs. Then — x, 
x+5b+d=1+f tf 


Let | 


2 
3 5 


EXAMPLE z. 
by — c = gg. Then Eg 
2 


Tyr, I do not rightly apprehend this laſt Example. 
Can you demonſtrate it by Numbers ? 

Phi. Yes to be ſure, and will. Let 5 = 8 - 
=— 4, and g == 12, then gg 144. | 


* 


Let 


2 


Numerical Proof of Exaurrn 3. 


let |1 | 8x — 4x = 144, then by 8 — 4 
I ; 
a4. = ray = ge 


Tyr, 
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Tyr. I heartily thank you Philomathes, and am 
mightily pleaſed with it. But if there be Fractions, 
What do you ſay I am to do as I did in Multiplication? 

Phi. Yes, after having firſt abbreviated the Nu- 

merators, or dividing them by like Quantities or 
Numbers, (for the Denominators are never divided) 
you proceed then to multiply croſs- ways, as in Di- 
viſion of Fractions, till you diſcover the unknown 


Quantity. Th 
Tyr. Þleaſe to give me an Example ? 
Phi. I will. 
- ExXAMPLE 4. 
Let 8 


F | — ove T hen -— Numerators by 


N 8 2 2 
. I . Then x — 4X 70 


3 — Then 84 — 6, 
4 | 84x — 504 = 70x — 280. Then ę 70x 

5 

6 


7777 J- © MH OTB 


and — 504, | 
84x — 70x 504 — 280 == 224; that b, 
| 14* = 224, Therefore, 
[| 


x = 12 = 16 1 
Tyr. And can you prove this laſt Example jth 3 
tirally, as you did in Multiplication ? 
Phi. Ves, moſt certainly, if the Work be done 


right. | 
A ſynthetical Proof of * 4 
X 1 
You ſee that x is = 16, then that is, — 
70x n 


= 112, the firſt Side of the Equation. Again, g toy 


{ 


- 
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that is, 5 = 112. Conſequently therefore, 
ae 


u- ĩ1ã—4 * —6 


or Hr. Not one Thing that you have demonſtrated 
d) pleaſes me better, nor gives me greater Satisfaction. 
i- Phi. I will give you an Example or two more. 

un 


EXAMPLE $5. 
Let | 1 | ddxrx + ddbxx — dds = ddfs + diffs. 


Then = dd 
2 | xx + bxx — x = fs + ffs. Then —x 
; by 3} x+bx—1=f +fF. 


ey Here indeed the known Quantities and the un- 
known Quantity (which we ſuppoſe is repreſented by 
x) both poſſeſs the firſt Side of the Zquation, in Or- 
der therefore to let the unknown Quantity x poſſeſs 
one Side by itſelf, do thus: Let the whole Equation 
be divided by the known Quantity or Quantities, 
and then will the unknown Quantity x be equal to 
the Quotient of ſuch Diviſion. As 


EXAMPLE.-6. 


Suppoſe in any Equation it ſhould ſo fall out, that 
the xd— b = « + , what is x equal to? 


Let | 1 | xd * =c+g. Then 4—5 
done 2 2 Anſ. 
1 16 EXAMALE 7. 


Again, Suppoſe in trying to diſcover the un- 
known Quantity, all the Quantities happen. to fall 
together, ſo as there is no Sign of Equality between, 


146 AL GEB RA. 
then, in Order to form an Epuation, make ſuch 
Quantities the firſt Side, and put a Oypher on the 
ſecopd Side of the Equation, ſo will. the — 
Quantity be diſcovered. Thus, * - 


ouppole,,| I | 12x — 312, then 
2 | 12x — 312 = ©; chat is, 
312 =. 312. "Therefore, 

. 

4 x = Ih = 26, 


N. B. Sce the gth and oth Steps of Problems 18. 


Dialegue 10. 
EXAMPLE B. 


Let | {| gxxd +Yrx = bc + 4, then — * 
7 CAS to: 44, then —.54 + 8 


tf 


bc 
= +8 


S'E CT. VI. 


How to convert or tun FEquaTIONs into AxAlo- 
GIE'S, and the contrary. 


Tyr. 4 Imagine that this Seien depends upon a true 
Knowledge of the Nature of Proportion ; 
does it not ? 

Phi. Moſt certainly, and therefore from what has 
been laid down in, Dial 7. Sea 2. it will be eaſy to 
convert any Equation, | into an Analagy, or right Pro- 
portion ; and eſpecially ſince I ſhall take ſome of the 
fame Bjuuations, and reter on back to the former 


Work, to confirm you the etter in what you are 
doing. OBSERV, 


kc 


„„ Aw Bats 
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O. BS ERV. 1. 


When any Equation (not having Fra#tims) is 
given to be converted into an Analogy, then it will 
be, as any of the Quantities or Fators on one Side 
are to any other on the other Side; ſo will che re- 
maining Quantity or Quantities on the ſame Side, be 
to the An ones on the other Side, and vice 
verſa. 

EXAMPLE I. 


Let the Equation be xd = ch. See the third Step 
in the Demonſtration, Dial. 7. Seét. 2. 


Let | 2 | »4 = ch, then 


nen Or 
3 As x: b 5 : d. Cr. For the 1 Term 
Conle- 


5 ** (the 4)4=(2) c X (3) C. 


quently, 
5 [ xd = ch. 


Hr. I perceive then, this is but a common Proof 
to Proportion. 

Phi. Nothing more; for if you compare this 
Example with the ſix Ouſer vatiaus laid dawa: in Dial: 
7. Sed. 2. you may make a great many movie Steps 
of it than I haye done. 

Thr. I ſee plainly, the Manner of turning Equa- 
tions into Analogies when both Sides are whole 
Quantities ; but ſuppoſe one Side be a whole Number 


or ity, ang the other a Fraclion? 
22 The you z are to proceed as follows. 
Onse RV. 2. 


When any whole Number, or Quantity in an 
* is made equal to a Fadlian, whoſe Nu- 
O 2 merator 
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merator has two Quantities and the Denominator 
but one; then break the Numerator into two ſuch 
Parts, which multiplied together, will produce the 
ſame, and make thoſe Parts the Means ; then make 
the whole Quantity, and the Denominator of the 
Haction the Extremes. Or in other Words, make 


the whole Quantity the firſt Term in the Rule if 


Three, the Denominator of Fraction the fourth, ary 
the Numerator divided into two Parts as beſore 


directed, make the ſecond and third Term, 


EXAMPLE 2. 


mag 1 21 Then 
2 | x'; dy; c:4,. Or 
3Jj *:c::b:d That is, 
4 | xd = be, See Demonſtration, Dial. 1, 
Seat. 2. 


Tyr. I underſtand it very well, but ſuppoſe both 


Phi. Certainly you forget Tyrunculus, Pray turn 
back to the fourth Step of Dialogue 1. Sed. 2. for | 
ſhall give you the ſame Erample. Or if you remem- 
ber what I told you in Abbreviations, you will find 
the Analogy will hold as follows. | 


OB8ERV 3. 


- 


As one Denominator is to the other, ſo will on? 
Numerator be to the other; or as one Denominator 
is to its own Numerator, ſo is the other Denomi- 
nator to its Numerator, &c. &c. 


{1 Ex- 


— 7 — ©, 2 2 
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EXAMPLE. 3. 


ch | | 
' oy * 
Let 1 —5 Then as 
ne 21 x:c::b:d, Or as 
ce | N er | 
ia Dr. I am obliged to you: Have you Nething 
re more to add ? | 
bi I will give you one Example by Way of Ex- 
erciſe. 
. EXAMPLE 4. 
Let | 1 | ab + xd = bd. Then as 
| 2 [X: 4 :: 4: b ＋ d. For | 
3j xXx b+ 4 = »b aa, the fiſt Side. And 
4 b x d = bd, the ſecond Side. Or, as 
. gi $24 52 b + d:d. Or, by adding xd to 
each Side, 
h 6 xb + 2 d = bd + xd, Then, as 
| 7 | x:b+x::d4:b6+2d, Or, taking æ&4 
from each Side, 
8 | ab = b4 — xd. Then, as 
9 q xd: d:: :, &c. Cc. conſequently 
10] Nat bd. 
Thr. Then ] e by the third and fourth 
Steps, that if Side of an Equation can be di- 


vided into two ts, fo as to become Extremes 
(which being multiplied together, will be equal to 
the Side before it was divided) the other Side being 
divided in the ſame Manner, will be the Means; will | 
it not ? _ 

Phi. Yes, your Notion is right; and I am glad to | 
find you ſo perfect in what you have done: There- 
tote I ſhall bid * 9 and leave you to conſider 


3 upon 
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upon thoſe Examples, which you think yourſelf leaſt 
acquainted with; and when Opportunity ſuits, [ 
ſhall be glad to ſee you and your Friend Novitius, 
and then we will put theſe Examples in Practice by 
ſome Algebraic Problems. 

Tyr. Sir, I am: obliged to you; aud I dare ſay 
N:vitius will be as proud of the [nuitation ——— 
But let me beg of you to ſtay a little longer. 

Phi. Not now, Tyrunculus, I think I have made 
you a long Viſit ; beſides, Night comes on a- peace, 
-and I chooſe to go. 

Tyr. Sir, if you are determined to go, I heartily 
wiſh you a good Night, and humbly thank you for 
your Company, and I intend to do myſelf the Plea- 
ſure of waiting upon you very ſhortly. 

Phi, When you think proper Tyrunculus, 


CHAP, 


2 


J. 
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CHAP m. 
DIALOGUE IX. 
SECT. I. 


Between PHILOMATHES and TYRUNCULUS, 
concerning the Nature of Algebraic Problems, and 
how to prepare them for a Solution, 


” as ms 


Tyrunculus returning the Viſit to Philomathes. 


Ty H:mathes, your humble Servant, 
bow do you do? 
=& Phi. Thank you, Tyrunculus, I 
am pretty well, and am glad to 
ſee you ſo. BER” 
Dr. You remember I ſaid it 
ſhould not be Jong betore I would call again to ſee 
jou; but, perhaps, I am not come at a ſuituable Time, 
Phi. You could not have hit upon it better, Ty- 
runculus, it ſuits me quite well, and I was but juſt 
before thinking of, and wiſhing for you. — Come, 
pray. fit down, — But where is your Friend Novitius, 
expected you both together? 


Tyr. 
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Tyr. We are obliged to you, Sir, and I aſked 
him to come, as you deſired, and he promiſed to 


follow me. * i | 
Phi. Well, Brunculus, in the megan Time let me 
know how you ge on, and what Improvement you 
have made ſince | ſaw you laſt. 

Dr. I am afraid jt will not hear too cloſe an Ex- 
amination: However, that very Night you left me, 
I looked over the Chigf of what you have ſhewn ne 
and find myſelf much more perſect in it. 

Phi. You have done well, it is all I required, 
and you will be the better able to. underſtand the 
following Problems. 

Tyr. I muſt conſeſs I do not care how ſogn I begin 
to try a few Queſtions, or at leaſt fee them wrougit, 
for you muſt know I am in a Hurry. | 

hi, You ſhall prefently ; but pray be nat ſo over 
haſty ; fair and ſoftly, you know, go the furtheſt; 
and 1 have Something to promiſe rt of all, that wil 
be of Service, and help you forward in the Work. 
Tyr. Pray what is that? eulos: 
Phi. It would be requiſite that you ſhould be ac. 
quainted with the following Obſervations. + . 
| OBSERY. 1. 
When any Queſtion is given to be anſwered in an 

Algebra Manner, fir/t, For the Answer or Numbe! 

ought, put x: Then proceed according to the Te- 

nor of the Queſtion, to add, ſubtraf, muitiph, at 
divide, until you have formed an Equation, which 
it has ' Frans muſt be cleared according to tit 
Rules laid down in Multiplicautian. Seft. 4. Dial. 
This done, proceed to tranſpoſe agcording to tht 
Order of Addition and Subtrattion of Equations, an 
yay will (by keeping x on the finſt Side of the E 


tion 
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d WW tn) have it equal at laſt to ſome known. Quantity 
0 or Qualities, by which alſo x will be of Courſe 
known, and its Value diſcovered. | 


Ju OBsERV. 2. 


Though it be cuſtomary to ule x for the unknown 
Quantity, yet you may make Uſe of any other Let- 
ter at Pleaſure. Some Analiſis uſe Vowels to repre- 
ſent unknown, and Conſonants 4zown Quantities 
* but others uſe them as their own Fancy and Inclina- 
ne don direct: But till you are to obſerve, the Letter 
(o) is never uſed to expreſs a Quantity, (though indeed 
the Anſwer would be the ſame. With this as with any 
other Letter,) and there ſeems to be a Reaſon for it, 
ſince it is but a Cypher at beſt without Integers ; and 
therefore, ſince n cannot be Something, by 
; Keaſon of its Want or Deficiency, it would be ab- 
ſud to put it to repreſent any Number or Quantity; 
though, as I obſerved before, it is ſometimes uſed to 
form an Equation, See Problem 18, Step. 10. 


AC* 


On$SERv. z. 
If to the Sum of any two Numbers you add their 
Difference, and divide the Whole by 2, the Quo- 
ru tient will be the greater Number. Or if you add 


the Numbers and their Difference together, and di- 
vide by 2, you have the greater Number, 


Oss ER. 4 "IM 


If from the greater Number you take the Dif- 
ference of the ſaid Numbers, the Remainder will be 
the leſs Number. - Or, if you add any two Num- 
ders and their Difference together, and * 

f um 
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Sum by 2, and then ſubtract the Difference of the 
ſaid Numbers from the Quotient, the Remainder 
will be the leſs Number. | | 


(2 OBSERV. 5. | 

When any Fraction is given to be divided into 
two, three, or more Parts, then divide the Numeta— 
tor, if you can, into ſuch Parts, and let the Deno- 
minator remain à it was; and in Caſe you cannot 
divide the Numerator into the' Parts required, mul- 
tiply the Denominator into ſuch Parts as are requir'd, 
and let the Numerator remain as it was; fo is 
the Fraction truely divided into ſuch Parts as really as 
if it had been performed by Diviſion, which is ſome- 
times very difficult, Thus, ſuppoſe I was to divide 


- into three Patte, I divide 6 by 3, and it is 2; fois 


= the Z'of 5 But ſuppoſe it were > to be divided 


into 3 arts, as I cannot well divide x by 35 there- 
fore I multiply the Denominator 6 by 3, and it is 


18; ſo is 75 — of al This F have demonſtrated, be. 


cauſe you ſhall ſeldom meet with it in any Authors, 
although it is of infinite Service in Algebra. | beg 
therefore you would remember it in particular. 


Os 22K v. 6. 


When any two Numbers are given, and you 
would expreſs them literally, (we will ſuppoſe you 
put x for the greater, and e for the leſs Number) then 
will the following Steps be of Service, becaule the) 
will help you te underſtand the Nature of 2 Que: 


tion, and the ſooner to do the ſame, as being 2 ber 
$4446 pe 


« %© 
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per and neceſſary Exerciſe of the foregoing Rules, 
by teaching you how to expreſs them in their true 
Order. 1 hus, 


11 
12 
13 
14 
15 
16 


17 
18 


10 
[20 


GS WY. er > &W BD mw 


10 


Suppoſe the greater be x, 

And the leſs Number e, | 
Then will their Sum be-x Te, 
Their Difference x — e, 


Their Product x X e, wiz. xe, 


Je 8 
Their Quotient of the greater — by theleſs is - 


| The Quotient of the leſs by the greater is — 


The Order of Proportion, as x: :: : : 


Or, by putting the leſs firſt, 25 6 * tt gn = 8 


The Square of the greater tx, 

The Square of the leſs ee, 

The Sum of their Squares xx ＋ cc b 
The Difference of their Squares xx - 
The Sum of their Sum and Difference a 
The Difference of their Sum and Difference at 
| The Product of their Sum and Difference xx 
— ee. ä 
The Square of their Sum xx + aue + ce, 
The Square of their Difference æ — 2 xe 86 
The Squaie of · their Product awee, 


o 


21 


The Cube of the a eater xxx, or &, 
The Cube of the leſs eee, ore, c. 


Theſe being underſtood, you may proceed to the 


_ of the MY 1 Problems, 


DIA- 


| 
| 
| 
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by your kind Aſſiſtance, Philomathes, 1 am at |; 
happily arrived to, 


the + or 3, Cc. of any Fraction is only to multi 


_— 
4 


DIATOGUE:S. 
LECT. : 


ALGEBRAIC PROBLEMS, er the ſolution of 
* Rueeftions producing SIMPLE EQUA TIONS, 


e \ 
Batween PHILOMATHEs, T YRUNCULUS: ond 
- NoviTivus; being a proper Exerciſe of all ile 


- Foregoing Rules 5 


Hr. TFT Puls is that Part of Algebra that I have f 
„ long wiſh'd to be trying at, and to which 


Phi, J am as much ſatisfied, and take as great 
Pleaſure in your Progreſs as you poſſibly can, and [ 
doubt not of your Underſtanding the Manner ol 
working the Problems in a ſhort Time. Only tak: 
Care to mind the Steps in the numerical Work, and 


you will ſoon underſtand the literal, for 1 ſhall endes 1 
vour to make the Steps alike if I can. And thoug - 
you be perfect in the Chief of what you have done 
yet give me Leave once more to remind you of tbeſi | 
three Things, viz. That this Character ($) in an 
Step ſhews-you that the Number or Quantity befor 
which it is placed is traſpoſed in the next Step .. Wh, 
the other Side of the Equation ; this (Q.) ſignifies ! F 
the Quęſtion; and laſtly, to remember that to tail 


5 
1 


*. 
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ply the Denominator by 2, 3, Sc. which is the ſame . 


as to divide the Numerator by the ſame Figures, 
Theſe being obſerved, we will Proceed to 


l PROBLEM I. 


What Number is that which being multiplied by 12, and 
having 18 added to the Produrt, the Sum'will be 294? 


11 


ö. Numerical Solution, 


| x for the Number, this X 12 

| 12x, add 18, it is 

| 12x+18; This Q. 294. Then e 18 
12* =294—18 ; that is, - 

| 12x = 276. Then is, 


276 
23 4% 


ss 


Literal Solution. 

Let b=12, c 18, d 294. 
11 x as before X 6, 
j2] * add . 

3 e. This Q.=4 
14] zþb+c=d., Then 9 c. 

5 ab =d=& 
6 


n . 


| 
l 


bel PROBLEM IL AHH | 
of. What: Number ir that to which if Jud 24, dr 
__ that" Sum ſubrrucꝰ '$, 2 Ke 


$1 the-Prodult will b F320 ?. 
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Numerical Solution. 


Put | 1 | * for the Number, then } 
2 | x +24, then — 8, 
| 3] *+24—18; this x 5, is 
14] 5x+120—40, Then Q. 
1 5 | 5x + 120 — 40= 320. By $40 
165 ＋ 120 . 320 + 40. Then $ 120 
| 7 | 5x = 360 — 120 = 240. Therefore 
8 | x = 77 = 48 of. 


Literal Solution, 
Let b = 24, C= 8, d= CT) f = 320. 


Put x | x as before 

| x+b 
x+b—c. This xd 

dx + db — dc, Whence Q. 


2 

3 

4 

54% + db—de n= fe 
6 

7 

8 


1 
* 


But it is to be noted that all ſuch like Queſ- 
tions as this may be performed both ſhorter and 
eaſier, by working only with the Difference of the 
Numbers, and not the Numbers themſelves. Thus, 
you are deſired in the Problem to add 24, then ſub- 
tract 8. Now it is evident that 24 —8 = 16; 
therefore if you work only; with 16, by adding it to 
the unknown Quantity, it muſt be the ſame as to 
add 24 and ſubtract 8. So that the Problem may be 


read thus: 
*; by P R O- 
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PROBLEM II. in other Words 


What Number is that to which if I add 16, and multi- 
ply that Snm by 5, the Product will be 320 © 


Numerical Solution, 


Put | x | x as before, then + 16, 

12 x + 16. This x 5, 

3| 5x + 80. Whence Q. 

| 4 | 5x + 80= 320. Then 80 
| 5 | 5x = 320— 80 = 240. Then 


6 | x = iy = 48, as before. 


— - * —_ 
do eh at an. 


Literal Solution. 
Let b=16, f= 320, 2 45 
1 


* 
x +3. This xd 
*d + ba Q. 


«al 
;v 


| 


n+ Wn 
* 
+ 
I 
U 
\ 


„„ ASSES} 
6 — * 48, as before. 


of. Tyr. This" is much ſhorter and better indeed as 
you obſerve, and I begin to underſtand Something 

of the literal Operation, as well as the numerical; but 

I muſt needs ſay, I like the numerical beſt, I think 

üb. it is the plaineſt for Learners. 5 

70 Phi, Moſt are apt to ſay ſo indeed; but when 

to once the other way is known, you will like that as 

well, and to be ſure it is the ſhorter of the two, but 

be will not ſay the eaſier. However, I will perform 
all the Problems numerically, and ſome of them li- 

0. terally ; and pray let me adviſe you to read over 

El every 
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every Queſtion, at leaſt twice or. thrice, that you 
may underſtand the Nature of it the better, for when 
once you have a true ind juſt Idea, of the Intent 
and Meaning of it, you may be ſaid to have half 
done it. 


PROBLEM III. 


Says Alexander 40 Epheſtion, I am alder than you by 
two Years. Clitus Hearing it, ſaid, I know 1 am 
older than both of van by four Years. The Pbiloſo- 
pber, Calliſthenes, being prefont, ſaid, I remember 
I have heard my Father, who is now ninety 7 x Years, 
ſay, that he is at old as you all; I demand then th: 
Age of Alexander, Clitus, and Epheſtion. 

| Numerical Solution, 

x Epheſtion, then will | 

x + 2 be Alexander's, Then + 4 

27 + © Clitus, Theſe added | 

4x +8 their Sum; whence Q. 

4x + 96— 8 = 88, Therefore 


LE. 5 = 22 Epheſtion's Age 


4 a 

x Viz 22 + 2 = 24 Alexandgr's. 
2+ + 6 = 50 Clitus's 

Titeral Solution. 
Las, 4=4, f 306 -.: 
x Epbeſtion's,. 7 
* ＋ 5 7 
2x + b+ d Cituss, 
4: +24 +d Sum. Then Q. 
4*+ 2b . Thenq 20 ＋ 4 
f * = 2b —d4 


. "Put | 


0 0 w r 


"On > & Þ » 


Tx 


fc 


It 
if 


7 | 


1 
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1 — 2 = 22 Epheſtion's 


x +} = 24 Alexander's 
2 | 2x +b+450 Clitus's, 


Tyr. Mighty pretty ; but why do you begin with 
Ephe/lion rather than Alexander? 

Phi. It would have been the ſame had JI began 
with Alexander's Age; only then the 24 Step would 
have been x — 2 for Epheſtion, and the 3d Step 2x— 
2+4; and ſo it would have occaſioned more work, 
but now they are all affirmative. 

Tyr. I am ſatisfied, and begin to ſee a little more 
into it. 

Phi. There is no Fear of your Underſtanding *ts 
if you mind, 


PROBLEM IV. 


Three Perſons, A, B, and C, trade and gain 3000 f. 
the Share of A is to be but Hal If the Share of 
and the Share of B one Third the Share of C; 
1.demand each Man's Share ©. 


. Now to avoid Fradtions, I begins * 4 fiſt; 
for if I put x for B, then 4 muſt be © and Cx. 


Therefore 
Numerical Solution. 


1 {for 4, then is 

2 | -2x B's Share, and 

3 | 6xC's Share. "Theſe added make - 

4 | 9x their Sum. Whence Q. 

5 | gx . * Therefore 
3 


| 6 | 


- 
- 
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6 fal. * = . 333 6s. 8 d. A. 
7 And by the 2d Step 666 13s. 4d. B, 
9 


And by the third 2000 C, 
Their Sum 3000. 
Literal Solution. 
| | As x is put for 4, and the other is double 


162 


and treble, the firſt four Steps will be the 
ſame as the numerical. Now let 


b = {.. 3000 
5 | 9x =b 
5 
| 6 wo. 3333 
7 „ r 
| br = 2000 
9 | Sum = - 3000 /. as before. 


Do you underſtand theſe Operations ? 

Tyr. The literal Part J am not. at preſent ſo much 
acquainted with, but the numerical appears quite 
plain and eaſy to me: I heartily wiſh Novitius was 
here, he would be ſo pleaſed to ſee ſome of thoſe 
Queſtions which puzzle him, demonſtrated in ſo 
eaſy a manner. 

Phi. There is a young Gentleman now 
coming up the Walk. 

Tyr. Perhaps it is he——lt is ſo—I will go to the 
Door for I know he is quite baſhful 

Phi, Stay——give me Leave, Tyrunculus ; it will 
look better in me, and he will take it kinder at my 
Hands—— 


Nav. Your humble Servant, Philomathes : Pray is 


Tyrunculus here ? ; 
Phi, He is, pray come in, Nævitius. 
| | Nov. 
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Nov. Sir——Friend Tyrunculus, how fare you! 

Tyr. I am alittle vexed with you for ſtaying. 

Nov. I aſk Philomathes's Pardon in particular— 
| was unexpectedly prevented by an Acquaintance, 


Phi. Well, Novitius, we will not uſe ſuperfluous 
Ceremonies at this time: Pray ſit down, I am glad to 


ſee you. 


Nov. Sir I thank you. 


Phi. Your Friend Tyrunculus was ſaying you had 
ſome Queſtions to aſk me that had puzzled you- 


pretty much, pray, what are they? 


Nov. Only ſome few of Mr. Cocker's and De- 
Billy's, for ſeveral of them are ſo contracted in the 


Work that I cannot underſtand them. 


Phi, To do Juſtice to the firſt Author, I know 


not a prettier Piece for Learners on the firſt four 


Rules of Algebra; but I confeſs he is a little dark in 
ſome of the Operations. Come, I have him by me, 
and pray do you look out thoſe Queſtions that puzzle-- 
you moſt,. and we will work them more plainly to- 


your Underſtanding, 
Nov, Pleaſe: then to begin with his fifth Queſ- 


tion. 


Phi. There are Fractions concerned in that; there- 


fore I think we had better begin with the more eaſy 


ones firſt, and take the harder as they come in 


Courſe. 


Nov. It is true; do ſo if you pleaſe. 
Phi: Obſerve then, 


» N R O- 
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* PROBLEM V.—Cher's 8th Queſtion, 


A Labourer received 2 /. FA, . for threſhing 60 Quar- 
ters of Corn, viz. eat and Barley; for th: 


Wheat 11 received 12 Pence a Quartet, and for the 
Barley 6 Pence : How * — did he threſb 
of auch. 


Numerical Solution; 


. | 1 | For the Quarters of Wheat put x, 
- 2 | Then as both together are but 60, the Barley 
I muſt be bo—x. 
3 | Now x Quarters of Wheat, at 124. a Quar- 
ter, is 12x, F 
4 | And bo—- Quarters of Barley, at 6d. is 360 
— 6: 
5 | Theie two are equal Q to 48 5. or 576 Pence; 
; whence 12x + 360 — br = 570. 
6 | Then 9 360, Þ 12: —6: = 576 — 360; 
7 | 
8 
9 


That is, 6x = 576 — 360 = 216, 


* 
Therefore x = — = 36 Quarters 


I Wheat, 


- And by 24 Step "oi or bo-— 36 = 24 the 
|: Batley. 


Literal Solution; 


Let a 576 Pence, c = bo, d = 12, 72 6 Pence. 
1 „ x W heat 

2 | c— x Batley. Then xX@ is 

3 | dx for the Wheat, and xc - is 


| 4] 

* Thoſe Problems that have an Aferiſk before them, are inſerted by 
the Delire of ſeveral young Agebraiſs, who wanted a plainer and 
eafier Demonſtration than in the Original: And to ſuch as are unac- 
"quainted with either of the Authors, they will be equally ſerviceable 
to, as if they were new ones, 


% 


ALGEBRAIC PROBLEMS. 168 
| fe Ale for the Barley. Whence Q. 
dx + fc — fe =>, or 576 Pence, Then 
dx — r =b— fe, Therefore 
— — 570—369 


c ys po 
= that is, x = - 
h | 


2 ones 


= 36 as- 


above eat, 8 
8 And c x, or 60 — 36 = 24, the Barley. 


36 Quarters, at 15. = 36s. 
24 Quarters,.at 64. =,125. 


* 
485. 


Nov. J underſtand it quite well. 
Tyr. So do T both the Ways. | 
Phi. I ſhall not write againſt the literal any more, 

__ 8 you to compare it with the numerical 
Ork. - S 8 


* PROBLEM. VI.—Coclers 10th Queſtion. 


Gentleman hired a Servant far 40 Days upon this: 
Condition, that every Day he wrought he was to re- 
ceive 20 Pence, and for every Day he was idle, and 
did no Mort, he was to pay 8 Pence. Net) at the. 
End of the Time he received 15s, 4 d. How many. 
Days did he work, and how many was he idle? 


| Numerical | Solution; 


For the Days he wrought put x 


Then will what he play'd be 40—x. 

Now * Days wrought, at 20d. a Day, is 20x-. 

And 40—x play'd, at 8d. a Day, is 320—x. 

Subtract the 4th Step from the 34 Step, it is 

| 20 — 320. + 8X. r 
16] 


0 
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] 6 | This being his Due is (Q.) = 155; 4d. 
Whence 20x — 320 + 8x = 1844. 

| T hat is, 281 — 320 = 164, 

That is, 28 114 + 320 = F504. 


7 
8 
9 8 4 => . Days Anſ, 
10 And by 24 Step, 40 — x = 22 idle. 


Literal Solution. 
Let b = 40, c= 20, d=8, and — Penee, 
dix. 156. 44. : 
| x Days. wrought, 


b—x 
q | 


Fa 18, as before; 


5 — x = 22 idle. 


* 
* 


PROOF. 


4 1. d. 
18 Days, at 4 a Day, 1 10% 0 
22 idle, at 8 d. a Day, o 14 8 


Due at laſt o Is 4 


* PROBLEM VII.--Cicter's 6th Queſtion. 


Two Pare A and B, thus diſcou 2 of their Money : 
Says A to B, give me 3 of your Growns, and J ſhall 
have as many as you; and ſays B to A, give me 3 of 
yours, and I ſhall have Times as many ds you. 
— the Number each had ? 
Numerical 


ALOGEBRAIC PROBLEMS, 167 


N. umerical 8 oluti n. 


For the No. I had at firſt put x, 
Then by B's-giving him 3, he will have x+3; 


And as this makes B's equal, B will alſo —— 
* ＋ 3 


And Unirefore canſequent B had at firſt x+6, 
And if A had given him 3, he would then have 


| 


I 
2 
3 
4 
5 


BY 9 | ; N 
i 16 And by the ſame Reaſon 4 would have had 


but. x — 3 


Now B (Q.) ſhould have 5 Times this Num- 
5 I ber, biz. gx —15 

8 x Whence this Equation, 5x — 15 = x + 0. 

9 Then qx and — 15, it will be MS 9 
＋ . 175, | 

10| That is 4x rate iy 


11 Therefore F = - =6 4s. 
12] And by the 4th Step x + 6 = 12 B's. 


Literal Solution. 
Let e 3 Crowns; then by comparing the Steps, 


1 xfor 4, 
2 [K +6 : 
3 re, 
4 x + 2e, 
5|XT 36 
5 614 x—&, 
& x —5e 
il 8 | 5x — 5e=x ＋ 3e, 
7 LH |. $#—# = Ze T 8e, 
10 4 = 8 


al Wa | 1 


— 
9 ae... _ 1 ” 
” 
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8e 


11 [I= —.= 6, Fs. 


12 


-* 


* + 2e, — 12, B's. 


PROOF. 
n. 
B 12 — 3 = q, but 
A 6 - 3 3, and 
B 12 ＋ 32 15 = 3X5. 


Nov. I am perfectly ſatisfied, it is done fo plain, 


and the Steps are built upon Reaſon itſelf. 

Phi It is upon Reaſon itſelf that Agebra depends; 
and a Queſtion laid down, in a good and clear Light, 
is the Learner's chief Guide. But now for ſome that 
require Fractions, for I ſuppoſe you underſtand 
them | We 4 

Nov. Yes, I think I do pretty well. 

Phi. Here follows then. 


* PROBLEM VIII —Cocter's Sth. 

There is a Fiſh whoſe Head is ꝙ Inches long, and bit 
Tail is as long as his Head, and half as long as his 
Body, and his Body is as long as his Tail and hi 

Head; I demand the whole Length of the Fiſh. 

11 For the Length of his body put c 

2 | Then will his Tail be 274% 

And his Body - ſhould be as long as his Tail 


3 | 
| | and Head, viz. 179 1 9, 


— 


4, | Whence (Q.) this Equation * == = + 18, 
| | 5| 


Tail 


5 
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5.1 This x Denominator 2, is 2x = x + 36. 
6 Then Px, 2X mw == 3b, 

7 | That is, x = 36 * Body, 
8 

9 


And by 2d Step, — = + 9q= 27 his Tail; 


; To which add 9 his Head, 
10 Their Sum is 72 his Length. 
Literal Solution. 
Let b= 9, * 
1 , 
x 
221, 
3 __— 2b, 
4+ |. — = ＋ 25, 
5 | 2 24. 
6 2x — x = 4b, 
7 | x = 4 = 3b, Body. 
8 5 + — 27, Tail. 


Wes IX. His 1205 Queſtion, 


One aſted a Shepherd the Price , his 100 Sheep. No, © 
replied he, if 1 had as many more, and half as many 
more, and ſeven Sheep and an half, I ſhould thn have 
I 1 denand the Number he had. 


Numerical Solution; 


put] 1] x for the Number; then 


2 | as many more, and 


131 T is half as miny-more,an& 


s 


| 
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71. Theſe four Steps added 


2 ＋ 2 173. Whence (Q) 


4 
5 
6 x 7 
2 T7 = 100. This reduced 
7 


4 E x + 15 = 200. Then e 15, 
8 N Therefore 
i 
9 An Anſiuer. 
L.iteral Solution. 
Xy : 
* 
* 


23 
b, 


2+ + —-þ „ Sum (Q 


\O cow OO Ut! > W Þ0 mw 


** PROBLEM X. His g Queſtion. 
A Gentleman bought a Cloak of a Saleſman, which 
coft him 3 C. 10s. and after he had bought it he db. 
fired the Saleſman to tell him ingenuouſly what be 
gain d by it, who anſiuered I gain juſt 4 Part of 
what it coſt me. It is demanded what the Cloak 
cot the Saleſman. _ 
Numerical Solution. 
I 
B 


For what the Cloak coſt the Saleſman put * 
Then his Gain or Profit will be 131 
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3 | Theſe added are equal to what he fold it for, 
* 
97 
Therefore (Q.) x + 7 705. 


This reduced, 4x + x = 280; 
That is, 5x = 280, 


Therefore x = — — == 56s. Anf. 


Literal Solution. 
Let = 70. 


w D > 


— 
* DhEX 


Coſt him 56 f. 
Gained , == 145. 


Sum = 79s. it for. 
* PROBLEM XL— His 1175 Queſſ ion. | 
4 Perſon in the Afternoon aſd what a C 1+ 
erſa ft 71 * 


was, anſwered. that } & Time. paſt from Noonit 
* ops | of th Time to Midnight, Now, 
Q 2 — 


” { 
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\ allowing 12 Hours 10 the Day, and beginning 1 
reckon from Noon, I demand what Hour it was 


when the Queſtion was aſked. 


Numerical Solution. 
For the; Hours ſought from Noon put x 


I 
2 | Then will the Time to Midnight ebe 12 — 3, 
3 | Now 3 of x Is 2 
5» "ZR 
4 | And 5 of 12 — 1 —5 Ja 
| . 60 — 
4 5 | Theſe (Q.) are equal. Whence 2 7 2 
6 | This reduced, viz, fiaſt x Denominator's, is 
300 — 25x 
3x7 = 8 0 
Then this X the Denominator 8 will be 24x b 
= 300 — 25x, | 
8 | Then o— 25x it is 24x + 25x = 300, f 
| That is, 49x = 300. b 
9 300 
10 Therefore x = - 64. fl 
11 | And by 2dStep 12 —x = 5 73. k 
. So that it was — paſt 6, that is 7 20” 33 N 
49 1 
| paſt 6 1 40 
m__ 0 0 F. 0 v0 
th 
3902 = '6 7 20 23 
= 5 32 39 48. Q1 
Sum = 12 Hours, I 
ö * | u. fo 
O Literal pt 


— 
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Literal Solution. 


be. = <> — cx, 
bx + C = cd, 
5 


= ca ; TD , 1+ 1 
17 n 8 26 - 
281 or 6 73 as before, | 


Nev. This is plain upon my Word, and I per- 
ceive 6 7 is the ſame. Anſwer as Mr. Cocker's ; but 
we. ſtill I never could know, nor do I yet rightly ap- 

| prehend from whence this 4#5 proceeds and there- 
for I never could make the Anſwer chime in with 
his, | | 1 
Phi. T muſt own that a Man had need to under- 
ſtand Fractions quite perfectly to find ſuch Things 
out to his own Satisfaction; for it is not every Learner 
can do it. Obſerve then, the Anſwer is x = 1 
+2 X 12 — + + Now 5 X 'F = 7. And & 
+ 5 being reduced to.a common Denominator and 
added, their Sum will be 48 and 23 (that is $8) by 
which divided ©7 it is *437'= 67 as before; and 
therefore the Hour to Midnight 5 4## = 5 18. 
_ There, Novitius, is that plainly demonſtrated 
rx not? | | Tick . 
Nev. Quite plain indeed! And now Philomathes: 
I will aſk you to work the 6th Queſtion and no more 
| for the 5th Step, I never could apprehend. it, has. 
al puzzled me many a Time, : g 
| 23 Phi. 


Gens » 
| 
& 


+ is 
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Phi. J muſt confeſs I was.a long Time in finding 
it out myſelf, and tho' the ſame Queſtion be in Mr. 
Ward, it did not anſwer my Expection; for 1 
found it out by Mr. Cocter's Method at laſt. | 

Nov. But then he abbreviates his Numbers and 
Fractions, and gives no Reaſon, and this puts the 
Learner to a Stop.* 

Phi. It is true he does ſo. Well, Novitius, all I 
can ſay, is, I will work the ſame Queſtion numeri- 
cally, and leave you to judge which of the three 
Ways are the eaſieſt to be underſtood, ſuppoſing you 
had them now all before you. 


* PROBLEM XII. Cecker's 6th, and Ward 
. = 3½ Queſtion. 

A Father hing at the Point FA Death, left his thru 
Son, A, B, and 7 72 Hate as follows. To A 
he gave ; wantin . to B he gave } and 14/. 
over; and to C 5 gave the Remainder which — 
82 (. leſs than the Share of B. I demand the Father's 

Eſldate in ready Money ? 

8 © Numerical Solution. 

| 3 For the Eflate put x, 


2 Then will £s Legacy be > — 44, 
| 3 | And Bs will be + 14, 


1 , * 
4 And C's being Ba les, is 7 4 24 62. 
| 5 Theſe Fractions being firſt reduced to a com- 
mon Denominator, and added, the Sum of the 
4 AW 
Whole is , w 26 + 28 — 126. This (Q.) 


| equal to the Eſtate or x. 16] 
® Sec the Preface, 
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6 | Whence this Equation = 28 — 126 = , 


| Now 28—126 being the ſame_as—98, it will 
be => 


7 

8 Thi reduced 7x — 588 — br. 

9 | Then 6x, nil 225 it will be 7b = 588, 
0 8 Eſtate. 


That is, x = 5 | 
45 Share 4 — 44 = 250 = - — 44 by 24 Step. 


B's 3 + 14 = 210— Ul + 14. by 3d. Step. 


3 
Cg. leſs than B, = 128 = T + 34 — 82 by 4th 
3 eng e 

in . $588 


Nev, I heartily thank you, kind Philomathes3 
then I perceive that Mr. Cocker's 5th Step before 


Abbreviation was _ + 2 —5— . 


Phi, Nou are right, and one wauld think a 
8 might eaſily perceive it if he would be di- 
gent 
Now 'You know, Sir, a ſmall Matter turns the 
Learner quite ——_ his direct Path. I bave now with 
me — de Billy's Algebra, but it is wrought in ſo 
odd a Manner, that I cannot make out any 2 
by it. I could wiſh pow * work ſome of his 
Queſtions numerically. 

Phi. Which would you have me begin with ? 

Neu. His 24 Quettion if you pleaſe, 


*PRO- 
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_ * PROBLEM "XIII. — F. de Billy's 2d 
1 


4 Res 6 is 100 Yards di from a Deg, and both 
Harting together, the on ran 2 Times faſter than 
the Hare: It is demanded how far the Hare will 
have run before the Dog overtakes her ? 

| Numerical Solution. 

1 | For the Yards the Hare ran put x, 

2 | Then will the Dog when he overtakes her * 
' | run 100 x. 

3 | Now becauſe he runs 2.4 Times faſter than the 

I Hare, take any two Numbers bearing the like 

_ | Proportion as 5 and 2, then. 

4 | By the Rule of 3, as 5: 2:: 100+ x: x, 

5 | Multiplying Means and Extremes, 5x = 200 
＋ 2X. 
6 | Then ę 2x, — — — — — 5x — 2x = 200, 

7 | That is, — — —— — 2x = 200, 

8 
9 


Therefore x = 2 655 — 


And by 24 100 + = 1663 
1 So that te Hare run 6 66 5 Fe and the Dog 
q< 4 Fo 


* PROBLEM XIV.— His 11th Queſtion. 


A certain Man agreed with his Servant for 12 Months 
Service to give him 10 Crowns and a new-Coat y but 
_ diſagreeing, he at the End of 7 Months gives him 
Gt and two Cut! I demand the ** 


| 4h | Numurical 


10 


| 


2339 


| 


4 


. | Whence 
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Numerical Solution. 


| For:the Value of 'the Coat put x, 


Then will this and 10 Crowns be his Year's 


| Wages, x -|- 10. 
| Now to fin one Month's "Wages ſay, 


5 2 10 
4 12 x+ 10 :: 2 == 


And becauſe he had 2 3 and the Coat for 
7 Months, ſay, 
As 7: +2: = 1: <8 25 
| Theſe being * 1 Mon!h's Wages are equal 
+2 10 


| This x the Sa 75 is K +2 


Mg fo to 


12 
This x 12, the other Denominator, 12x + 
24 = 7x.4+ 70, then & y and 24, 
12x — 71 70 — 24, that i __ 


| 5* 2465 


6 | 
Therefore x 2 = 91 Crowns. | 
So that the Value of the Coat was 9 Crowns, 


or 46 Shillings, to which add two Crowns, is 


56 Shillings that he had for his 7 Month's Ser- 


| vice; and for the Year's Service, had he ſtaid, 


x + 10 Crowns by 24 Step, viz. 96 Shillings, 


2 PROBLEM. XV. — His 16th Queſtion. ' 
a Number ef -Crowns about hin, 
aefired a Stander-by to 9 ang, go 


have 600 perhaps. No, 


"what 1 


he; but if to 


1 27 a Derg 2 


A., ©. 
5 . 
- 
. 
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have were ubtradted 14, I ſhould then have 600: 
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I demand umber he had abaut him ? 

Note, As in Problem 2, ſo here alſo make the 
Subtraction firſt, and work with the Difference only, 
Thus, 2, +» + reduced to a common Denomina- 
tor, will be 2 2 or f I t; from which take 
12, there remains 1 whole Integer. So that ſup. 
poſing I were to put * for the Number, then 2, 4, 
and + added, and + taken from it, x will be the 
Difference; therefore 2x = 600, 'and x = 300 the 
Number. But ſee the Whole ap follows. 


| 1 | For the Number fought put x, 


2 Then 4. 7- = = 55> that h, =*+— as 
Ore. 


3 | Add theſe, it is 2x +- 1 
1 
4 | From which take 14, vis. 25 


5 There remains only 2x. Whence (Q)2 z 600, 
| e And therefore x = 300 4. 


Nov. 1 heartily thank you, this appears plain 
enough to me. I will trouble you to work one more 


if you pleaſe, and that is his 76 Queſtion, for this 
is quite dark to me. 


* PROBLEM XVI—His-74h Queſtion. 


4 certain Perſon bought a Number + - Ells of Veluet, 
, which he ſold again; be bought 5 Elli for 7 Crown. 
5 ns ons yer 11 a and gained 100 
arne I demand haw many Ali there 


Numerical 


1 Were in 


> Oo - * —_— By 


If 5 Ells be 7 Crowns, what is 583 3? A. 8163 
If 7 Ellsbe 11 Crowns, what is 583 4 15 77 9165 I Cr. 


ALGEBRAIC PROBLEMS, 179 
Numerical Solution. 
For the Number put x, 
Then, if 5 Ells be 7 Crowns, what will x be * 
Then if J Els be ſold for 11 Crowns, what 


will a feteh 7. 1 — —— — — 2 


7 


The Difference of hes ſhews his Gain 2 * 


This (Q)= 100 Crowns, Whence = 100 
This redueed 6x = 3500. 


Therefore x = BY = 583 4. 


28 the Number was 583 3 Ells bought and 
wy PROOF. 
Cr, 


He gained 100 Cr, 
| PROBLEM XVI. 


There are two Numbers whoſe Sum is 240, and the 
Greater has the ſame Proportion to the Leſs as 7 to 


E | 


3Z* 


4 demand the Numbers f 


Numerical Salution. 
For the Greater” put x, 
Then will the Leſs be 240 — x, 


[3] 


11x 


® Note, The ra 7 an — 5 of med D. 


6x 


—_ © <5 Nee as 


350 


14 
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3 | Theſe (Q.) have this Proportion, 
as 7: 3:2: 240 — . K 
{1 4 | Then multiplying Meant and Extremes, 
1 == 1680 — 7x. 
5 | Then @— 7, it is 3x + 7x = 1680, 
6 That is, ro- = TY F | 
74 Therefore x = . 5 = 168 G. Number. 
[ And by 2d Step 240— x = 72 L. Number. 


| 
| 
|  * PROBLEM XVII. 
| 
| 


A. certain Toper went to an Alehouſes and borrou/ d as 
much Meney as he had about him, out of which he 
Spent a Shilling ; then he went to a 24 Alehouſe, and 
borrowed as much: as be bad then about him, and 
Spent a Shilling; and in lite Manner he went to a 
Id and 4th Althouſe, ' borrowing as much as he bad 


at the former, and ſpent a Shilling ; but after 
had ſpent a Shilling at the 4th Alebouſe he had 
> It is demande what he had firft about 1 


S S 43 2 2 


Numerical Solution. | 2 


x | For what he firſt had put x, 
2 | Then by borrowing as much he had 2x, 3 
3 | And when he had ſpent 12 Pence, had 2x—12 4 
4- | Then by borrowing the ſame, had 4x—24, ' 5 
5 And by ſpending 12 Pence, had 4x—36 ; 
| Then, by borrowing the ſame, had 8x—72, 6 
And by ſpending 12 Pence, had 8x—84. | 
; Then bs borrowing the ſame, had 16x—168, 
9 og; by ſpending 12 Pence, had left 16x— 
180, | c 
10 | That is, had Nothing left, Whence (O.) 14. 
16* — 180 = 0, 10 
11 That is, 16x = 180, 11243 £ 
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Therefore x = == 11 1t 
80 that he had at firſt 119. N . 


- * PROBLEM XIX. 
One being aſked how old he was, anſwered thus : 


to the Number of my Age you add 
7455 one Half = Src , and 14 mores 
The Number 58 will then be had : 
What is my Age't in Years rock a Score ? 
Nate, As the Queſtion ſays, if you add 14 to his 
1 Age, it will make 58? fo conſequently without 
F adding the 14 it will be 44; therefore working 
g — . * Th: 14, will be better than to 
work with 58 and 14 together, as you may obſerve 

e fu. 34. 
d 73 Numerical Solution, 
WW |! | For his Age put = 

2 | Their by adding 4 of 2, that is, 4, Wits 

3 | This (QJ) = 44. Whence « + yz 44 | 
12. 4 | This reduced 8x + 3* = 352. 
» BW | 5 | Thatis, 11x = 352, : 

| a n 

12, | | 6 | Therefore « = == 92. 
* So that his Age was 32, 12 above a Score, N 
— 1 — PROBLEM xx. 


4 Citizen riding bis Rounds to receive Money due 
ie bim, came to a Place in which be had three _ 
W 


132 
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amine, he found he had loft his Pocket-Bock, in 
zuhich was each Man's ſeparate Bill, Then ſending 
for them all to an Inn, he tells them the Accident ; 
but they pretended they did not know what was due 


40 


him, having” let the Bills that came with the 


Parcels, The Gentleman thinking he had got ſome 


Sippery Chaps to. deal with endeavoured all he could 
to ſave himſelf gbe Trouble of another — ; and 


this he did from iht following Data: 


4 


reniember- 
very well that A's and B's Debt together mad: 


131. 10s. 'and. A's and, C's Debt tcgether 31/, 
105. and B's and C's together made 37 C. 10s. 1. 
is demandad what each Man's particular Debt was? 


a 
” 


3 


For As Debt put , - 
Then as A's and B's together is 270 5, B's is 


| 270— K, 


Then as s and C's is 630 J. Cs alone is 630 


— . 


Now (Q.) B's and Cs ſhould be 7504. but-is 


00 — 2x. . 
Whence this Equation 7 50 == 900. 27. 
oy „ = — 750 1 2#.2= 900. 
nd 750 — — — 2x 5 900 — 750 
"That is, 2x = 6 Wt i" 


- | Therefore » = — S 
And by 24 Step, 270. — x = 195, B's, 


And by 34 Step, 639 — * = 555, C's. 


Trenne „ . 
8e that F's Debt was 3 15 


3. deen 
I ; 8 27 OT: 7a 


* 


4 
- F * : *. * of * 2 ; 7 7 8 
* | | » | | | * | R e 
* "a, ? . * 2s b x 
* = J. . " - N ” 8 9 - - LY . 
1 
24 
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PROBLEM XXI. | | Ss 


| 
: A Highwayman robb'd a Gentleman of a certam Sum 
Money, but being ſeen by 3 Men, A, B, and 
they purſued and took him; but he promiſed to make 
7 them a handſome Preſent i they would let him go 
F to which they agreed. To A he gave 4, and A rt- 
i turm d him batk 64. And 17 Þ + of what was 
Y let, who return“ m 4. And to C he gave þ 2 
| 47% be had then 255 who return d him bac 2. 
5 6 er he had. 122 off, and came to tell" tis 
1 he found he had given à of it away: I di- 
mand the Sum he took row the Gentleman? * 
Mumerical Solutian. 
is 1 For what he took in Pounds put x, 
ol | * Fern left, 
1 
| 4 
4 IK: gave B J of, . 
0, | | 
0, 3 And conſequently had himſelf 2, viz. 6 + 45 


CELTS 

; And by B' returning 4, had © £ +8. 

_ This he gave C4 of. viz, " 

| 8 | And confayundy ba tn Hand, ok. +6, 
8 


1 „% re 
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| 22 (Q) = = + of what he ſtole. Whence 


5 
12 f—ltiplying by the Denominator 3, 


BY. ., 

X = ; + 24. 
This x the Denominator 45 * 
Then e 3x it will „ , 


| That is x 
So that he 8 2 96 a» which 4 had 42, 
B 14, _ CL which together make 4 64 
— 5 O 96 


PROBLEM XXII. 


One being aſked how many Children he had living, 
anſwered 3 Times as many as he had buried; 77 - 


aſked how many that was, ſ wap that 1 155 


mg 4 

Number he had left was multiplied by 

—_ — it would rok equal to 2 tee | 
at fir demand many 

zune many be had left? 21 


For what he had loſt put x, 


Numerical Solution 
Then will the living be 3x, - 
And conſequently had at firſt 4x, 


Now + of what was left is 9507 5 
| K pak.” 


This multiplied by the loft, viz, x, is — 
This (Q.) equals his Number at firſt. ſhence 


xx 


— — 
F — . 


i 3 ; ; ie A 
|| This reduced, *x = 12x, 181 


% 
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8 Then 727 by x, — — x = 12, loſt. 
| 9 = — > living, 
Their — by 3d = 48, at firſts 


PROBLEM XXIII. 


One being aſd how many Teeth he had, t» avoid a 
direct Anſwer ſaid, "the he had loft the ; Part of 
what he then had, and being aſt d how many that 
Was, ſaid, that if what he had leſt were nbi 
into the 2 of what he had left, and the Square of 
what he had loi was added to that Product, it 
would be equal to the Number he had at firſt. Or 
otherwiſe, i what he had hft were multiplied by &. 

what he had left, it would make juſt 1 of the 

umber he had at firſt : 1 demand bow nan be bad 
| , and how many he had left ? 


| Numerical Solutions. 


x | For the Number loſt put &, 

2 | Then as thoſe left are 8 Times as many, „ gx 
3 | Theſe two added make the Number at firſt qx. 
4 | Now of the Number left is 24 | 
5 | This mull plied by thoſe loſt, make wy | 
6 | To which add the Square of choſe lo, it i 
a + . 

7 | Theſe (Q.) are equal ta the Number at firſt, 
8 | Then dividing each Side by x, * 
9 | That 8 3.5 =9. 

10 | Therefore x = 3, loft. 

11 | And by 24 Step, 8x = 24, leſt. 

'12 | And by 34 Step, gx = 27, at firſt, 


e fl | | Which you may prove according to the Tenor 
of the Queſtion, 


* 
— 


r 


1 R 3 PRO. 
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PROBLEM XXIV. 


An Uſurer put out a certain Sum of Money at 5 C. 
per Cent. per Annum, which in 16 Years wanted 
exact 11 Guineas of the Principal itſelf: I demand 
what the Principal was. | 


| Numerical Solugion. 
* For the Principal put x, | 
2 | Thenfay, If ioo be 5, whatwill « be? 4: 18. 


{ This being x Year's Intereſt, 16 Years, is 

. 

4 | This ſhould (Q.) be equal to the Principal leſs 
1 Guineas, or 231 Shillings. Whence, 


b — 23123 


5 | This being reduced, gx — 1155 == 4, 

6 | Then e , — — 5x — 4* == I155, 
| 7 | Thatis, Xx = IT55s. . 57, 155, 
So that the Principal was . 57, 15 J. which 
| in 16 Years, at 5 per Cent. amounts to C. 46. 
| 45. which wants 11 Guineas of the Principal. 


PROBLEM XXV. 


An Uſurer put out 135.4. in 2 Parcels, one at ile 
— of — *. 2 Annum, and the other at T 
6 per Cent. which amounted in 15 Years Time 16 1 
_ the Principal itſe wanting 30 . 1 demand the | 
Parcel he put out at 5, and the Parcel le put out at | 


6 per Cent. | 
* Numerical 
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Numerical Solution. 


| For the Parcel at 5 per Cent. put x, 
Then will that at ö per Cent. be 135 — x, 
Then, by the Rule of 3, one Year's Intereſt 


38 „ 


of x at Cant is == 
5 per Cent is 100 


4 | And by the ſame Rule, one Year's Intereſt is 
| \V- Be 7 N. * 70 O— 6 
of 135— at 6 per Cent. 3 : 5 


5 | The Sum of the Intereſt of both for 1 Year 19 


* 


5 810 — 62 ' 
: F 
6 | Then becauſe there is 5x and — 6x, it will be 
| 10 —x "= 
: | ICO . 1 | 
7 | This being 1 Year's Intereſt of both, 15 Years 
will be 2 
; MD” -./ > 
5 8 Tnis (Q) is equalto 135-30. viz. 105. 
- | | Whence 105 = —— — _ 
« . | ; . 
b. 9 | This x the Denominator 100, is 
al. 10500-= 12150 — I5x. 
10 | Then $ — 15x and 10500, 
15* = 12150 — 10500, 
xt | That is, 15x = 1650. | 
the 1650 | 


$6 12 | "Therefore, x = f = £. 25. | 

© | 13] And by 24Step, 135 — * . 110. | 

the So that he put out 1 at * 2 

at N at 6 per Cent the Intereſt of which in 15 Years 
amounts to . 105 = 135 — 30. 


ical PRO 
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PROBLEM XXVI. 


I is required to pay 100 C. in 100 Pieces, viz. ſome ta 


” 2 


— 


_— 


6 


be 15 Shillings, and others 22 Shillings and 6 Pence 
each: I demand how many there muſt be of each. 


Sort? 
Numerical Solution. 
x | Put for the 15s. Pieces x, 
2 | Then will thoſe at 22s. 6d. be 100 —- x, 
3 | Now Pieces, at 15s, or 1 80 d. each is 180 4. 
4 | And 100 — x Pieces at 22 1. 6d. or 2704, 
each, is 27000 — 270r. 
5 | The Sum of theſe two is 27000 — 9orx. 
'6 | This (Q.) = . 100, or 24000 d. Whence 
24000 = 27000'— ox. | 
7 Then $ — 9or, gox + 24000 d = 27000 
| | Then ꝙ 24000, gor = 27000 — 24000, 
9 | That is, 90x = 3000,, 
10 | That is, 9x == 300. | ' 
2300 
IT | Therefore, x = 22 = 334, 


12 And by 24Step, 100 — x= 66 4, 
So that there was 33 4 Pieces, at 15s. . 25 
And 66 3 Pieces, at 225. 6d, = 75 


PROBLEM XXVII. 


A Vintner has two Veſſels full of Wine, equal alike 


in Quantity, but of different Quality; the worſt 
Sort 15 worth 240 Crowns, and the : Now 
he has another Cask or Veſſet of the ſame Fiz which 
he intends to fill ont of theſe two, that when full 
may be worth 260 Crowns; How much of each 
muſt be take 2 


Dinmerice! 
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Numerical Solution. 


For if x Veſſel be 240 Crowns] will be 160, 
And if 1 Veſſel be 300, then + will be 100, 
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1 | For what he muſt take of the worſt Sort put x, 
2 Then as both make but one Veſſel, the beſt 
will be 1 — x, ; 
3 | Now if x full Veſſel be 240 Crowns, x of a 
| Veſſel is = : 
4 | And by the ſome Rule, 1 — x of a Veſſel is 
ERS. 
I . 
| 5 | The Sum of the Numerators of the 34 and 
4th Step is 300 — box 
6 | This (Q.) equal to the mean Price, 260 
Crowns, 
{| Whence this Equation, 260 == 300 — 6or. 
Then @ 260 and — 60x, 60x = 300 — 260. 
3 That is, — — 60x = 40. 
9 | Then muſt 6x = 4. Therefore, 
10 x = © = 7 And by 24 Step, 
11 R 5 
| | I — x = 3. 
Pu oor. 
$0 that he muſt take 3 of the worſt, and 4 of the 
deſt Sort. 


Sum 260 = M.Price, 


PRO. 
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PROBLEM XXVIL ; 
Two Men, A and B, ſet out Tn a certain Place, the ; 
one goes 21 Miles in 15 Hours, and 8 Hours after 
he ſet out, B begins to travel, and goes at the Rate 
of 15 Miles in 9 Hours: I demand how long it 
will be before B overtakes A, and how far they 
will both have travelled ? 


Literal Solution. 


| 1 For the Hours A travelled put æ, 
Then will B travel x — 8. 


3 Then, If 15 Hours be 21 Miles, what will bs 
: | | Anſ. — . 7 
5 | And, if 9 Hours be 15 Miles, » — $ will be | 
15* — 120 37% FA e | 


18 | 
5 | Now feeing that after B overtakes A, the 
| ©. | Diſtance they travelled were both alike, there | 
151 — 120 22 


fore . 
; 9 | 15. is 
6-| This reduced firſt by 9, is 158 120 7 MN 
This x 15, is 225 — 1800 = 18qr. : 
4 Then @ 189x, 225x— 189x = 1800, # 
That is, 36x = 1800, <4 
. 1800 | i 
1 | 1x | Thatisx = ; = 50 Hours, A. a 
= 12 | And by the 2d —. x — 8 = 42 Hours, J. 4 
4 Now 4 goes by 34 Step 25 that is, m 
|; 7 , 


I20 


| 70 Miles = — = 70, B. 


PRO 
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PROBLEM XXIX. * 


What Number is that that of it more 12, is equal to 
4 of it more 14? . 
1 For the Number ſought put * 


2 Then 1 + 12, is + 12, 


, 2 : 1 
3 And 3 + 14, 234 14. 
Theſe (Q.) are equal. 
3* 2* 
Whence * 41129 — 


3 + 14+ 


This reduced firſt, is 3x + 48 = E+ 56, 


That is, being again reduced, 
ar + 144 = 8x + 168. 

7 | Then @ 8x and + 144, 9x—8x=168—144, 
the $ | That is, x=169 — 144 = 24 Anſ. 
it WY And this is proved at large in Dial. 8. Se. 4. Ex. 5. 


PROBLEM XXX. Tos 


89 Wl Four Highwaymen, A, B, C, and D, rob#d a Gen- 
15 tleman upon the Road of 475 1. and going to an Inn 

to part the Money, which t d laid upon the Table, 

Wards aroſe, and every one ſnatch'd up what he 

could; after which, upon telling each one his Money, 

it was found, that if. to what A ſnatch'd up were 

added 4, and from B's were taken 4, and C's 

Is multiplied by 4, and D's divided by 4, it would pro- 
, duce one and the ſame Number of Pounds : It is de- 


manded what each ſnatch'd up? | 
LOS 3 ! Firſt, 
* See the Note in the Proof of | Example 5, in Maliiplication of 
on. e 


RO 


* 


* 
5 = 
— * — — . 
A L a * 
— - - 
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e Firſt, Suppoſe A ſnatch'd x Pounds, then hay. 
ing 4 added, it would be x + 4. Now ſince by 
| - ſabtraQting 4 from B's, his would be equal to 4';, 
| he muſt then have x + 8; and ſince by multiplying 
C's by 4, he would have the ſame, he muſt of Courſe | 


ſnatch = - 1, which X 4, produces x + 4; and 


as D's is to be the ſame if divided by 4, he muſt 
ſnatch 4 x -+ 16. 


Numerical Solution. 


| For what A ſnatch'd put x, | 
Then will B's be as above —— Xx—+8 


* 


10.— — — — = + 1, 


I 

2 

3 | 
415 — + 

5 

6 


The Sum is —— 6x +7 + 25, 
This (Q) is equal to the Robbery, 


; 1 Whence, br + +25 475: | 
414 7 This reduced, 24x + * 100 1 
8 | Then 100, r 00, 

9 | Therefore, * = 82 = 72, 4, 4 

10 And by 24 Step, x +8 80, B, 
11 And by the 34, | — +1 = 10, C. 

Th 

| 22 And by the 4th, 4* + 16 = 304, D, 

| i 5 Sum 

= 47% 5 


J,. This ſeems to be a very hard Queſtion at 
= firſt reading. ' - hi 
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Phi. It may be ſo; and yet in other Words it 
may be eaſy ; for it is no other than this: What 
Numbers muſt 475 be divided into, fo that the 1/7 
having 4 added to it, the 2d 4 taken from it, the 
34 multiplied by 4, and the 4th divided by 4, may 
be all equal? Which Numbers are as before, viz. 72, 
80, 19, and 304; which you may prove. 


PROBLEM XXXI. 


Two Graziers, A and B, coming from a Fair, were 

met by two Highwayman, who robbed A of 25 C. 

10s. and B of 7 . 10s. but upon their complaining 

that they had a great many Miles to ride, and No- 

5 thing to bear their Charges, be that robbed A re- 
f turn d him a certain Sum, and fo did the other to B. 
Now after A come to tell B what he had left, and 
B come to tell A, it was diſcovered that they robbed 

b, A of 3 Times as much as B, and left B of what 
they left A: I demand what each was really 


K robbed of ? 
| Numerical Solution, 


. —VWWY WF. 7 © 


For what they took from B put x, 

Then will what they took from A be 3x 

Now B had /. 7, 10s. or 150s. at firſt, 

| But now, —— —— 150 —leſt, 
Alſo A had / 25, 105. $10s. at firſt, 


I 
2 
3 
F But now, — 510 — zu left. 
B, 5 | This (Q.) ſhould be 5 Times what B had left. 
0 Whence, 510 — 394 = 750—5- B. 
8 6 | Then $ — 5x, 510 + 5x — 31 = 750. 
D, Then $ 510, 5x — 3* = 750 — 510, 
5 ; That is, — — %* 240. 
| | 9 | Therefore, | == =-120s. B. 
n at 8 174 
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10 | And by the 2d Step, 24.5 „ 
So that they took C. 18 from 4, and 6 from B. 


PROBLEM XXXIL 


 A.General of an Army had a certain Number of Men, 
which he intended to place in a /quare Battalia, but 
diſpoſing of them in Rank and File, found he had 
o Men to ſpare ; now thinking to get theſe in ally, 
e enlarged” his Square to one Man more in Rank 
and File, but then found he wanted 39 Men 16 
complete the Square : What Number of Men had he 
and hew many /iood in Rank and File? | 


Numerical Solution, 


For the N®. that ſtood in Rank and File put x. 
Then will the Square of theſe be xx, 

But having 90 to ſpare, he had xx ＋ 90. 
Now encrealing Rank and File by 1, the Side 


. 
. 
— 


1 


is — — — „ ＋ẽ 1, 
The Square of which is axx + 2x + 1, 
From this take xx +90, there remains 2x—8, 
This (Q.) is equal to 39. 
W hence, | | an, 89 = 230. 
| They $86, —.— 1 
That isä— — — 2K = 128, 
Therefore, —  :# = 64 a Side. 


4&4 own KKS 


OO © 


, 


PROOF. 


| There were 64 Men in Rank, and 64 in File, 
and 64 & 64 = 4026, to which add go, it is 4186. 
But had. 65 Men been the vide of the Square, there 
would 5% KB. Men, which is 39 more 
than 4186, Q. E. Þ. 
Si 1821 _ = * P R Q- 


* 


$3 


Le 4 
41 
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* PROBLEM XXXIII. 


" There is a Veſſel (partly) empty in which are 20 Gul- 
lins of Wine, birth 8s. per Gallun; now if it be 
fil ed up with Water, the Wine and the Water toge- 
ther will be worth 6s. a Gallon, and the l hole 
worth the ſame Money as when it was all Wine: 
I demand then what the Veſſel holds when 328 or, 
which is the ſame, how many Gallons of Water will 
Fl it up? 


Nume ical Solution. 


| I | For what the Veſſel wants in Gallons put x. 

2. | Now 20 Gallons of Wine, at 8s. is 1605. 

3 | Now when the Veſlel is filled up, the Whole 
will fetch the ſame as the Whole of the Wine 
| 1 did, viz. 1605. 


4 Then ſay, If 20 + „ be 1603. what is 1 


160 
| Gallon? — — An, 8 
5 This (Q)i is equal to 65, Whence, 6 = == 
ab, 12046635 16h 
Then 9@ 120, Ox = 160 — 120 = 40» 
8 Therefore — * _ = 6 3«- 


So that thre wanted 6 2 3 of Water to fill it > 
To which add Wine 20 Gallons, i it is 26 3 Gale 


| lons the Contents. 
PRO Ox. 
| of :1.$6 
20 Ga'lons of Wine, at 8, = 


8 O 
And 26 F of mixt, at 6s. = 8+ © 
8 2 P 


\ 
{ 


1 
R O- 
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* PROBLEM XXXIV, 


Vertruvius, (Bib. ix. Chap. 3.) informs us, That King 
Hiero being bbliged by Vow to make a Preſent of 4 
Crown of pure Gold, weighing 100 Th. gave Orders 
for ſuch an one to be made; but being told that the 
Goldſmith had ſecreted Part of the Gold, ard 
put to the Crown the ſame Weight of Silver, he 
ſent for the famous Archimedes of Syracule, 13 
whom he recommended the Diſcovery of the Fraud : 
It is demanded how Archimedes diſcovered the Cheat, 
and how many Pounds of Silver the Goldſmith had 
put into the Crown ? | 


CF Since it is proved by Experiment that a Maß 
of pure Gold will poſſeſs leſs Space than a Quan- 
tity of Silver of the ſame Weight, it will be ealy to 
conceive that a mixt Maſs of Silver will poſſeſs, or 
take up a Space between them. Archimedes therefore 
cauſed two Maſſes to be made of equal Weight with 
the Crown, one all of pure Gold, and the other all 
Silver; then having a Veſſel filled to the Brim with 
Water, he cauſed the Crown to be immerged, care- 
fully reſerving the Water which flowed over. And 
thus he did with the Maſs of Gold and Silver, re- 
ſerving each Time the Water which flowed over the 
Veſlel; by which Means he very exactly told Hers 
how much Gold was ſecreted. 
Now let us ſuppoſe, that by immerging the Maß 
of Gold only, there was emmitted 60 Th of Water, 
and by the Maſs of Silver 90 fh, and by the Crown 


64 . Then, 
Numerical Solution. 


{I x For the Quantity of Silver in the Crown put x, 
42 | Then muſt the Gold -—— 100 5 : 
3 
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3 | Now if 100 #5. of Gold be 60 B. Water, 


_ 6000 + 3ox 
100 — X 18 
* 60 


4 Again, If 100 fh. of Silver be 90 Th, Waten 
n 


A 


| de bf abbr 
5 The Sam of the, two is _ TS 
100. 


6 | This ought then to be equal to the Pounds of 
| Water emitted by the Crown, viz, 64. 


F 6c 
Whence, . — 226. | | 
7 | This reduced, —— 6000 + 3or = 6400, - 
9 ö That is, — 30* — 400 , 
110 | That is, — — 31 40 
O 8 
11 Therefore, — * — = = I3 7» 


] So that the Goldſmith had mixt 13 5 IB. of i 
| | Silver in the Crown. 


N. B. But there may be an infinite Number of 
Anſwers produced, according to the Variation of 
the Queſtion, and the Crown will be more or-leſs - 
adulterated, according to the Proportion of the Wa- 
ter emitted by the Maſs of Gold and the mixt Maſs ;; 
for the leſs their Difference, the leſs the Adultera- 
tion. | 
Note alſo, That this and ſuch like Queſtions may 
de done by knowing the ſpecific Gravity of each 
Body ; that is, weighed ſeparately in Air and Water, . 
and their Proportions will hold good in the ſame - 
Manner as above, and is modernly practiſed. 


8 3 a PRO. 
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PROBLEM XXXV. 


What Number is that- whoſe 2, 7, and 4 exceeds the 
«3 Whole by 240? 


Numerical Solution. 


[ 1 | For the Number put x, 
a eee x & „ 
| 2 Then will Its 15 7 793 be 2, 55 4. i 
3 | Theſe reduced to a C. D. will be —— 5 no 
1 26x _ 13x oy 
| k Or rat er, n 12. 
1 
Whence (Q.) this Equation, FL * ＋ 240 
| 5 This reduced, — — 13x = 12x = 2880, 
. 16] And ꝙ 12x, 13x — 12x = 2880, 
þ 7 | That is, — Xx = 2880, the Number, 


PROBLEM XXXVI. 


There is a Rod of Iron a Yard long,” at the Ends of ; 
which hang 2 Weights, viz. one of 15, and the other 
of 1 th. Weight: I demand the Point of the Rid 6 
where theſe two Weights will hang in Balance? 


Numerical Solution, 


} 1 | For the Diſtance of the leſs Weight to the 
| Point put x, „ 

'2 Then will the Remainder be the Diſtance of the 
Greater, viz. 26 — x Inches. 

3 | Then will the Proportion be, 

As x: 36 — * :: 15: 1, 

4 | Multiplying Means and Ext. 1x = 540 — 15% 
5 | Then $ — 15, — — * I6x = 54% 


U 


the 


57 
40. 
101 


| 


ALOEBRNAIC PrRoBLEMS. 199 


Therefore, —— x = 45 = 33 l. Leſs Wt. 


And by 2d Step, 36 — x = 25 Greater, 
So that the Point from the ſma Weight muſt be 
33 & Inches, and the Diſtance of the 15 fh. 
Weight 15 Times leſs, viz. 2 4 from the End. 


PROBLEM XXXVII. 


Suppoſe a Rod of Iron to be divided into 150 
equal Parts, and at the firſt Part or Diviſion hangs 
a 4 i. Weight, and on the laſt Diuiſian, or other 
End, a Weight of 4 Score and 16 Pounds: I de- 
mand the Point of the Rod where thoſe two Weights 
will be in Equilibrio; or, which is the ſame, what 
Diviſion of the Rod will be a Balarce to both the 
Weights ? N 


| 


> G D 


Eo 


Numerical Salution.. 


For the Difference of the greater Weight put x, 
Then will the leſs be 150 — x. 

Then. As x: I50'—x :: 4: 96, 
Bymultiplying Means and Ex. 96x==600 —4x. 
Then $ — 4x, —— 100x = boo. 


600 : 
Therefore, x = 100 S 6, greater Weight. 


And by 24 Step, 150 — x = 144, Leſs Weight. 
So that the Point of Balance is 6 Parts from the 
greater Weight, and r44 from the Leſs: For 
I44 + 6 = 150, the Whole. 


From hence alſo if a Rod be divided into any 


Number of Parts, and one Weight be given, and 
the Point given in the Rod, the other Weight is 


eaſily 


found by Proportion, thus: As the Diſtance 


of one End is to the given Weight, ſo is the other 


Diſtance from the End to the required Weight, 


Thus, 
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Thus, in the Problem before us, let the Weight 6 be 
iven, and the Diviſion 144 on which it is placed, 

and the whole Rod 150, as before, to find what 

Weight will balance it. 


PROBLEM XXXVIII. 


There is a Rod divided inta 150 equal Parts, on which 

. hangs at one End a 4 to. Weight, and the Rod being 

placed or laid acroſs any Thing at the 144th Diviſion, 

I demand what Weight at the other End will be alle 

to balance the 4 The. Weight, to keep the Rod in 
Equilibrio ? 


This is done by the Help of the Rule of Propor- 
tion, either direct or inverſe. For only obſerving 
the Diſtance the Point of Balance is from the given 
Weight, (which here is 144, and the Remainder 6) 

the Proportion is, As 6, the Remainder of Divi- 
fions from the leſs Weight, is to the Weight itſelf, 
ſs is the Diſtance of the leſs Weight from the Point 
of Balance to the greater Weight, Sc. Thus, 


As6:4 22 764 296, Or, 
As 6: 144 :: 4: 96, Cc. 


By this Method may be proved, whether the 
Steel-yard, or any Beam or Pair of Scales belonging 
be good: For notwithſtanding the vulgar Notion of 
Beams and Scales being true, becauſe the Brachium 
hangs in Balance, it is-evident, that in weighing 
large Quantities the Buyer may be ſufficientiy 
cheated, or the Seller may ignorantly cheat himſclf, 
and that more or leſs, in Proportion according to the 

Make of the Beam. | 


_ Tyr, This is a Sort of a Paradox to me at preſent ! 


Nou. 
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Nov. And to me likewiſe; I wiſh, therefore, 
Philomathes, you would explain it a little to me: For 
if it be ſo, how am I to chooſe a good Beam, or 
depend upon others to know whether they be true or 
falſe; for it is not to be ſuppoſed every one can prove 


it by Figures? 


Phi. | grant it; but you may ſoon ſee the Truth 
of this by ſeveral Experiments*. However, I will 
tell you thus much, that in choofing your Beam, mind 
not altogether its hanging in Balance; but more par- 
ticularly examine whether the Arms whereon the 
Scales hang be equi-diſtant from the Center ; for 
ſhould they not, you may depend it is not an honeſt 
Balance: And whenever you ſuſpect any Pair of Scales 
you may ſatisfy yourſelf by this vulgar Experiment 
only; change the Weights and Commodiy to the 
contrary Scale, and if the Weight be as before it is 
right, otherwiſe falſe. 

Nev. We are obliged to you for this eaſy Expla- 
nation. | 

Phi. I am not treating of Mechanics it is true; but 
I have ſaid Something the more upon it, becauſe it 
is more uſeful and neceffary in Buſineſs than every 
common Queſtion ; and indeed, ſuch Perſons as deal 
in valuable Commodities in large Quantities, ſhould 
be careful to examine Things of this Nature, But 
come, we will proceed to. 


PROBLEM XXXIX. 


A Tradeſman began the World with a certain Sum of 
Money, with which he bought a Stock of Goods, but 
by Misfortunes in Trade, he left the fit Year one 
Half the Value of his Stack, and Io Shillings over; 

2 and 


® See Dr. Deſagulier's Experimental Philoſophy, Vol. 1. Plate 23 


I, 9. and 10. 
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and alſo the ſecond Year he loſt Half his Stoch, and 


10 Shulings over; and thus he went on for 5 Years, 
loſing Half the Value of the preceeding Year's Stoct, 
and 10 Shillings over : Now at the End of the fifth 
Year he left off Trade, and his Stock was worth but 
50%. 10s. I demand the Value of his Stack at firſt? 


Numerical Solution. 
1 For the Value of his Stock at firſt in Pounds put x, 
1 2 Then he loſt the firſt Lear 4 + 3+, 


| * x —1 
4 


3 | And had left — bY — 2, VIZ. - 

| 4 | Then had he loft juſt + this, the 2d Year it 

| |wouldbe  — — — 
| | 5 | But he loſt 10 Shillings more, br he had 


leſtt— —— — 4. 


8 * 
6 This reduced, firſt x the Denominator 4, ou 
. 2X — 2— | 2x — 
This abbreviated, is the 24 Years Stock left 25 


4 

g | Then by loſing Half + 10s. had Jeſt the 30 
| 4-04] 
Year, — — 8 — . 


„ 


"A 2K —6—8_ 2 — 14. 
This reduced, is powers 7" * 


*»— 7 
1 
* Note, As 10 Shillings is Half of a . the , in 

the 2.4 Step repreſents 10 Shillings, and ſaves a gred 
| deal of Trouble, | | 10+ 


| 
U : 
1 
i 
; * 
ö = 
z 
if | 
. 
j 
_ 
: g 
| 
' „ 
: 
| 
i 
. 
; | 


| 10 | The Half of this, leſs 10 Shillings is left the 465 


1 


Year, vix. — 8 Or, 
| 1 : 2x — 14 — 16 2X == 30 
| 11 | Thisreduced, is 32, or, TY 
, x — 15 
or, 7 
12 | Then had he left Half this, leſs 10 Shillings the 
x— 15 


1 
Ren 


5th Year, vix. 


This reduc'd, is — mnt or, 3 


64, 64, 
2 
23. 
Now this (QQ) is equal . 50, 10s. or, 504, 
Whence, — IM — 50 2 


This reduced, firſt X Denominator 32, 
x — 31 = 1600 12. 

This x the Denominator 2, is 

2x — 62 = 3200 + 32. 


Therefore, x = 2-94 2. 1647, his 17 


| Stock, which you may prove at your Leiſure, 
PROBLEM XL. 


| 


hat Number is that which if added ſeverally to 3, 19, 


and 51, will make them 3 Proportional ? 
Numerical Solution. - 


1 | For the Number put x, 


- ol 


* in 
gredl 
 10'| 


x + 3, * + 19, * + 
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Then $ — 62, 2r = 3200 + 32 + 62. 


2 Then by adding this to each Number, they are 
51. 
| 3 | Whence, by the Rule of Proportion, As 
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IAA 3 19: : ＋ 19K +51. 

4 | But multiplying Means and Extremes, you have 
** + 54x + 153 = xx + 38 x + 361 

5 | Then by cancelling xa on both Sides, 

54x + 153 = 38x -+ 361. 

© | Then ꝙ 38: and 153, it is 


54x — 38+ = 3b1 — 153, 
21 That is, hr = 268. | 
208 
| 8 | Therefore, X == * — 13 Anſ. 
PROOF, 
Numbers 3 19 and 51 
Add 13 I 3 13 
16 r 64 


For 16 x 64 = 32 K 32. 


Do theſe Operations appear plain to you Novitius? 
Nov. Very plain, Sir; I think I underſtand them 
all very well. ; 
Tyr. I wiſh I could ſay fo for my Part, for I muſt 
own at preſent I do not, | 
Phi. It is not to be expected ſo young a Learner 
as you, Tyrunculus, ſhould be Maſter of theſe Things 
at once : If you underſtand the Work by reading it, 
that is ſufficient at preſent, and in going through the 
Problems once more, you will, no Doubt, under- 
ſtand them; and I think I have given you a Variety 
of Examples enough 5 : 
Nov. I beg you would work a Queſtion or two in 
plain Trigonometry before you conclude, if ./implc 
Equations will perform them. | 11 
Phi. Ves, there are many to be performed by 
ſimple Equations only: But really I have ſcarce Room | 


69 
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to grant your Deſire, having already added ten Pro- 
blems more than I intended. However, to oblige you 
I will; but then I ſhall work them {terally, for it 
will be too tedious to do them nnmerically. 


PROBLEM XII. 


Suppoſe @ Pole. to land upon an Horizontal Plane, WE 
Feet clear from the Ground (or x ＋ c); 
Height from the Ground muſt it be cut or ſawn off 


at, ſo that the Top of it may fall upon a Paint 55 
Feet from the Bottom of the Pole to the ſaid Point 
in the Ground? 

Literal Solution. 

I | For the Height ſought | 

N put * | 

2 The Square of which 

5B « 
3 | Then is the Square of 2 

b — bb, 4 
4 | The Sum of their 2 
I Squares wx + 3b, * 

5 The Remainder to 5 2 —— 8 

Fg is abs” 7" Cana x, EL ] 
| 6 | The Square of this is = 
wits ce — 2x0 ＋ xx, - 6=55 
| 7 | Whence this Equa- 
tion, XxX ＋ bþ = ic — 2 . 

8 | Cancel xx on both vie bb Dr ce 25 2XC. 

9 Then $ — 2XCz it is 2.XC — bb cc. 
10 Then @ bb, — 2c cc — bb, 

$ c - 14 ex. 
Then muſt i ns that is, x = 75X 75 


— 55 * 55» divided by 75 X 2, which is = 


| 17 x Feet A/ 


PR O- 


— 


* 
42 


Therefore, x = 


206 ALGEBRAIC PROBLEMS: 


PROBLEM XLII. 


tn the Triangle ABC is given the Baſe AB = 11, 
and the Segment, or Part of the Hypothenuſe, BC, 
viz. BD 4. Required the Sides AC and BC? 


Literal Solution, 


Let 4= 12:2 MB and d—= - . ——. 
4 = BD; and let x = AC. if >, 
Now as AC and CD are equal, Fo 
BC muſt be = b + x. Then C 
by the 47th of Euclid, BC . 
AC* + ABI; bur BC* the 4 
Square of 6 + x, viz. bb + 2b | 

+ xx, and aa = AB | 12 


(>= 


The Square of 5 + x is bb + 2b + xx. 
This (Q.) is = Square of x and 4. 
Whence, ——— bb | 2bx + xx.= x + 44. 
By cancelling xx on both Sides, bb + 2b = aa, 
Then @ bb, it will be 2bx = aa — þb, 
aa—bb T2X 12—4X4 __ 
5 2X 4 880 
So that the Side CA or CD x = 16. And 
CD 16 + BD = 4 = 20 = FHypothenuſe CB, 


PROBLEM XLIII. 


There is a redtangled Triangled ABC, whoſe Baſe AB 
= 45, and the Sum of the Hypothenuſe and Ca- 
thaus AC ＋ BC = 135: Ut is requred to find 
lle Sides AC and BC ſeparately? 


Litera 
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| Li Solution. 


Let d= 135 = AC + BC; and 
let 5 = 45, or Bd, and put x for 
Wl C4; then CB A x. And ſee- 
ing the Angle CA is a right one, 
we have (by the 47th of 1 Euc.) 
BC* = CA“ + BA*; but BG? 3 A 
= the Square of d — x, viz dd — 45 | 
us ＋ x. And CA = xx; and 
BA = bb, Therefore. | 


The Square 4 — x is dd — 2d E xx. 
2 | This (Q.) = to the Square of x and 5. 
Whence, ad — 24x + xX = xx + 35. 
3 | Then cancelling xx, dd — 2ds = bb, 
4 | Then e bb, 2 7 N 24x, 
b 
E 5 Therefore, ' * 2 f, 2 — 24 = 6s 


| ah | = C4, And 135 — 60 75 = BC. 


OR, | 
Let x = BC, 11 n will = 4 — ; and 


1d erefore (by the 47th of 1 Euc.) BO '= AC* + - 

CB. *. Therefore, as b = BA, as above, it will be 
| xx == dd — 24x + *r + bb ux. 

AB; ad = dd -+ 3b, Ws: 

1 Ca- 4 bb 135 45X 45 


| | 27 128 = 71 the 
135 

of 1 bene BC. ** 1 75 == 

C, as before, | 


Taz Nate, 


. a 
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Note, By the 26th of 4, you may find the 
vides BC — 46 thus : alto; Circle, making 
the Perpendicular the Radius; then is the Rectangle 
Be into the Segment BD = the —— 
Square of AB; therefore BD is 0 
= the Square of AB divided by . 


B = BC -|- AC = 135; that f | 4 g 
- a enn ; ! 
is, BD = ——— = 153 and \, 5. 


I | 
therefore (by the Figure and the 32 =I. 
preceding Work) BC + AC; that A 


is, — = 60 AC, and 60 + 15 = 75 BC, 


| Geometrically. 

Firſt, From any Scale of equal | ſe 
Parts make the Line AB = 45, and at Hl 
right Angles to it draw. Ae = 1359 / 

the Sum of the Sides 40 and BC. 


Then join Be with a right Line from 
e to B, and divide this in the Middle 5 
at. 5; then let fall a Perpendicular from ' aye 
b upon the Line Ae, which will fall? 
upon the Point C; then having drawn / 
the Line BC, the Triangle is com- 
Pleated: And if you meaſure the / 

Sides upon the ſame Scale, you will | 

| find BC = 75, and AC "60; asB 45 A 

| aboye : For the Line bc being perpen- | 
18 dicular to Bc, and cutting it into two equal Parts; 
| the Triangle BCe is Iſeſcles, by the 5th of 1 Euc. 
—_— conſequently AC + BC = AC + Gt 
* thus, Novitius, J have done all that is in my 


Power to ſerve you and Tyrwnculus ; and I ſhall leave 
| 7 Problem 


* 
- 


7 


0. 


A 135 


leave 
-oblems 


* 
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Problems more, . 7 their Operation,) to make 
up the Number 50) your Practice; and I deſire 
you would aſſiſt Tyrunculus in them, as I have aſſiſted 
you in the others. 


SECT, IL 


Here follows ſome more PROBLEMS, to exerciſe the 
2 young ALGEBRAIST, 


. PROBLEM XLIV. 


One hires a Farm containing 125 Acres of Ground, 


for which he gives 38. 5 6. the Land conſiſts of 2 
Sorts; far the better Sort he gave 78. 6d. per Acre, 
and for the worſt 3s. ꝙ d. per Acre: I demand bow 
many Acres there were of each Sort ? 


PROBLEM XLV. 


One lets out 60. in 2 Parcels, viz. one at 5, and the other 
at 6 per Cent. which in 13 Years ſimple Intere 
wanted but 19 C. 78. 6d. of the Principal: I di- 
mand the Parcels ? | 


PROBLEM XLVI. 


Three Drunkards, A B, and C, having each of then 
run up a ſeparate Score at an Alehouſe, agreed to go 
(under Pretence to drink) and rub all out ; which 
was done accordingly : But the Landlord remembered 
very well, that A's and B's reckoning added toge- 
ther malle 16s. 10 d, 3, and B's and C's 1 38. 3d. 2 

| A*s and C's 118. 5d. 3: He therefore craves 

your Aſſe/lance from hence, to tell him gach Man's 

Aiſtine Score? 

| 1 P R O- 
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PROBLEM XLII. 


There are two Numbers tuhoſe Sum is 517, and the 
Quotient of the Greater by the Leſs is juſt 1000; 1 
demand the Numbers ? 

* | * 


PROBLEM XLVIII. 


hat Number is that, which, if added to 33. 209, 
and 561, will make them 3 Proportionals ? 


PROBLEM XLIX. 


What Number is that whoſe 2, J, 4, 3, and 1%, eu- 
ceeds itſelf by x 


PROBLEM: I. 


A Perſon dying, left in Caſh 410 . 10s. to his 4 

Sons, A, B, C, and D, in fuch a Manner, that 
if A had 4/. 10s. more, and B 4. 10s. bj, 

and C's were multiplied by 44. 10s. and D's di- 
vided by 4 C. 10s. it would produce one and the "og 
Sum of Money: What was the Portion of each? © 


Nov, But pray why do you got inſert their An- 
wers? | a” 

Tyr. It would be ſome Help 1 think to the young 
Practitioner. | ; FF 

Phi, it would be ftndulging him you might. ſay 
indced, but I cannot ſee why the Queſtions, are at 
all the harder to be done, without it be to ſuch who 
from the Anſwers often gueſs out the Numbers; 
thercfore I choo rather to omit the Anſwers : For 
if you do the Work right, it will prove iſelf; and to 
a diligent Learner it is all the ſame as if the Anſwers 
wete before him; and I am ſure it is a proper — 

| Exc 
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erciſe to qualify you for more difficult Things of this 
Sort. | 5 

Nov. You may depend upon it, Sir, I will do my 
Endeavour to find their Anſwers in a ſhort Time, 

Tyr. So will I, as ſoon as I am a little more per- 
ſect in the foregoing Problems. 

Phi. You are right, Tyrunculus, for from a true 
Knowledge of them you will ſoon difcover theſe 
allo, 

Nov. We are highly obliged to you Philomathes, 
for theſe Favours, Come, Tyruncuus, do you 
think of going ? 

Tyr. When you pleaſe, Sir. 

Nov. Dear Philomathes, in accepting my hearty 
Thanks you will yet more oblige your humble 
Servant. — 

HBr. Pray receive mine alſo. G 

Phi. I do; and you are not only welcome to theſe 
ſmall Mnſtructions, but I ſhall aways be ready to 
ſerve you: Only let me perſuade you * far as 


Things of more Moment will allow of) to afliſt 
one another; for it is poſſible I may (by and by) in- 
ſtrut you in, ſomething of Quadratic Equations, be- 
cauſe it is a Pleaſure to me to ſee you delight thus in 
Figures. "Thoſe that have no Taſte for this Set of 
Learning indeed, are ignorant of the Satisfaction 


that es; for what can be a greater Satisfaction 
to ind than Certainty itſelf, built upon the 
Fou n of unerring Principles? This made a 
noteMFuthor ſay, that Algebra, like Logic gives 
ust Fuſt Idea of the Nature of Things, ſhews us 


rue Way of reaſoning, elevates the Mind to 


per Degree, and will not ſuffer it to dwell 
© upqn mean and baſe Trifles,” ö 


A I could heartily wiſh that more of the grow- 
ing Youth of this Age (eſpecially ſuch as can afford 
| un) 


212 ALGEBRAIC PROBLEMS. 


It) would (with you) give their Minds to the Study 
of ſome of the Mathematical Sciences, they being not 
only uſeful, but very diverting, and would certainly 
tend much more to their own private Good, and that 
of others, rather than the conſtant Peruſal of ſuch 
Books which daily vitiate the Mind, and corrupt the 
Morals. Thus we read, Xenophon commended 
& the Per/ians for their careful and prudent Educa- 
<« tion of their Children, who made them ſtudy only 
ce ſuch Authors as treated of -Learning and Mora- 
ce lity; but would not ſuffer them to effeminate 
c themſelves with idle and amorous Tales, knowing 
« well, and wiſely diſcerning, that there needed nz 
« eight to be added to the Bias of corrupt Nature,” 
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APPENDIX 


CONTAINING 


Some neceſſary INSTRUCTIONS 


In the RuvimenTs of | 


QUADRATIC EQUATIONS, 


VIZ, 


* 


I. INvoLUTIoON, or the Method of raiſing 
Powzs or involving QUANTITIES 


II. The RESsOTLUT ION of a SQUARE raiſed 
from a B1noMI1NnAL, and how to compleat 
the S av AE 


III. Of Evoruri0n or extracting Roo rs, 
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In a DialLocvs between 
PHILOMATHES"and NOVITIUS. 


CONTAINING 


Some neceſſary InsTRUCTIONS 


I N 


QADRATIC EQUATIONS; 


—_— 


— " 


7 


PHILOMATHES calls upon Novirius to know 


what Improvement be has made in STMPLE * QUAs 
TIONS, 


"'T 


® The Sign of InvoLUTION, 
uv The Sign of EVOLUTION. 


y The Sign of SURD or IRRATIONALITY, 


YRUN CUL US your Servant. 
n Nov. Sir I am heartily glad tg 
71 ſee you. 
= Phi. You remember I promiſed 
to give you ſome Notion of Qua- 


dratics, which I intended to have 
done before, but that Buſineſs of greater Moment 


has continually called for my Attention: And * 
| am 
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I am now come. according to Promiſe ; yet my 
Viſit will be but ſhort : And before I begin with you 
let me know whether you are pretty perfect in what 
I have ſhewn you before, 

Nov. That I aſſure you I am. 
Phi. We will proceed to the Point in Hand then. 

Nov. Pray what does the Knowledge of ua 
dratics depend upon ? | 

Phi, The Knowledge of Quadratic Equations de. 

pend upon theſe 4 Things. 

I. The Method of raiſing Powers from a ſingle 
Quantity. 

2dly. The Reſolution of a Square raiſed from a 
Binominal or Reſidual, and how to complete the 
Square when two Members only are given. And 

Zaly. The Way or Method of , extracting the 
Roots. 
- The firſt two of theſe are comprehended under 
the Name of Jxvolution, or the Method of involr- 
ing Quantities from any given Root, 


Of raiſing Powers from a ſingle Quantity. 
5 +} HR 
Multiply the given Quantity into itſelf you have th 


Square, to which join the ſaid Quantity you hav 
the Cube or third Power, &c. &c. | 


EXAMPLE 1. 


Let & the Root be involved to the 2, 3, 4 ani 
5th Power. | | 
x Root. | 
xx Square or 24. Power. 


xxx or x3 Cube or 34, &c. * 


SW Aer 6 


xxxx or x* Biquadrate or 4th, . . 
*xxxx or x5 Surſolid or 5th, Power, & New 


r, & 
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Nov. This is ſo plain, more Examples are need- 


leſs: But what do you-mean by a Binomial and 
Riſidual Root? 
Phi. A Binominal is a compound Quantity con- 


5 
ſiſting of two Parts as x ++ or x + 4 connected to- 
gether by the Signs more + and leſs — or ＋ or — 
and alſo x — þb x — — Now theſe two Parts multi- 


plied by themſelves (that is ſquared) will always pro- 
duced 3 Members, the firſt and laſt of which will be 


perfect Squares of the Root itſelf, and will always be 


affirmative ; and the middle Part or Member is made 
by the double Rectangle of the Parts of which the 
Binominal is compoſed, and this middle Part will be 
ſometimes Affirmative, and ſometimes Negative. Af- 
firmative when both are Affirmative or Negative, as 
x + b or — x — b; and Negative when one of the 
Parts is Negative, as x — ; do you underſtand 
me ? | 


Nov. Yes very well, except it be the double 


ReCtangle you talk of. 

Phi. This I ſhall ſatisfy you about preſently, under 
Obſervation the Firſt ; In the mean Time, we will 
give you an Example. 

24ly. The Reſolution of a Square raiſed. from a 
Binominal or Riſidual, and how to. complete the 
Square when two Members only are given, 


U Ex- 
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EXAMPLE 2. 


Let „ + 3 a Binominal be raiſed or involved 
the third Power. 


b 
xs +> t 
x +4 | 
xx + xb 
ab ＋ 1 
r bb the Square. This.x » + þ 1 
Fe ee ee e 
4 * 2xbb ＋ 3 | 
a 
x 55 ＋ 3xbb + 14h Cube. 4 
EXAMPLE 3. g 
Let x — 6 a Riſedual be raiſed or ks to the -, 
third Power. | | 
þ 1 
mma / | 
x —b | T 
8 ing 
xx — xb 
— xb ＋ bb vo 
th; 
ax — 2xb + 2 Square x x 1 pt 
* =—— þ pre 
Kar — 2xxb ＋ x xbb 4 
a —— kn, 
— 6 + 2abb — bbb bec 
thi, 


XxX ne yan + 3700 — bbb . 
Nor, 
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New. I underſtand you very well; and I alſo per- 
I ceive that in the Binominal the Anfwer is affirmative 
in all the Quantities ; but in the Ri/idual they alter- 
nately change. | 
i Phi, You ſay right; and you ſee that it is Nothing 
but common Multiplication ; and if there were Frac- 
tions the Work is the ſame. 
EXAMPLE 4 


| 


Thus, 7 ſquared is 2 for only multiply the 
Denominators and the Numerators together as in 


x 
7 Multiplication of Algebraic Fractions, ſo alſo 55 


\ 


| 0 | X h F 4 xb- a 
bh ag 10 and 4 + > ſquared is F and #+— 
a Bineminal is xx + 24 2 or xx + ax += 
2 45 ho 


And laflly, — © will alſo be ar — 2A g, or 


OE x — ax + — For 2 in the middle Term being 
| common to the Numerator and Denominator I ex- 
punge it, and take the Numerator ax only. 

Br. I thank you kindly Sir, for your demonſtrat- 
ing it ſo plainly. b . 

Phi. I preſume then, as you know how to in- 
volve any Root, you alſo know the third Thing, 
that is, how to complete the Square. 

Nov. That 1 do not, nor do I know altogether at 
preſent what you mean. 

Phi. I own as I ſaid before, that it is not ſo eaſily, 
known by a Learner ; therefore I readily excufe it 
becauſe Authors in general have taken no Notice of 
this, thought ſo neceſſary. 

U 2 = 


ov. 
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Of compleating: the Square when but 129 Member. 


are given. 


I have alread told you, that any compound Quan- 
tity, whether Binominal or Rifidual, when ſquared 
will conſiſt of three Members; the Middle of which 
will be ſometimes affirmative, and ſometimes negative; 
] alſo told you, that when they are both perfect Squares 
you may eahly know-it, as x» -+ bb-or xx + 16; 
to compleat the Square of which will eaſily appear as 
follows, 

OB$SERV. 1, 


When any compound Quantity as xx ＋ bb or xe 
— bb wants to be compleated, that is, wants the 
middle Part or Member, (for remember I told you 
it conſiſts of 3) then take the Root of each Part, 
viz. x and b, and multiply them together, which is 
a or — , this is what we call the Rectangle, the 
Double of Which is 2&5 or — 2xþ, either of theſe 
put between the other two will compleat the Square. 

Nov. This is eaſy indeed if I take it right; for 
ſuppoſe xx + bb were to be compleated, the Root 
of xx is x the Root of bb is 3; now x Xx = xb 
the ſingle Rectangle, therefore 2xb. is the double 
Rectangle, which placed between the other two 
Members will be xx + 2xb + bb, or xx — 2x6 
+ bb. But how am LI to proceed when there are 
Co- efficients? 

Phi. The very fame: For ſuppoſe the Root 8x—2 
were to be ſquared or compleated, here 8x X 8x = 
64x the firſt Term, and — 2 * — 2 == 4 the third 
Term. Now 8x X — 2 = — 16x the ſingle Rect- 
angle, therefore — 32x is the double Rectangle or 
middle Term, ſo the Square compleated is 64x — 32x 
+ 4+ : Num ical 
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Numerical Demonſtration 


Suppoſe they were in Numbers only, you will ſee 
the middle Term is always made up with the double 
Rectangle of the Parts. For let any Number (ſup- 

ſe 16) be divided into any two Parts, as 12 and 4 

o compleat the Square 4X 12 = 48, which 
doubled, is 96 the middle Term, ſo is the Square com- 
pleated, viz, 144 + 96 + 16; and if you make the 
Binominal x + b = 12 + 4, you will in courſe 
have & + 2:b + bb = 144 +96 -|- 16. 

Nov. I like this very well; but pray how do you 
compleat the * when of the two given Mem- 
bers only, the firſt is a Square, and the other any 
Quantity or Number propoſed at Random. 

Phi. To be ſure this cannot be done in many Caſes, 
by taking the double Rectangle of the Parts as before 
directed, becauſe the Parts conſiſt not of two pure 
or perfect Squares; but ſtill, Tyrunculus, we ſhall 
put you into an eaſy Way of doing it at once, III 
warrant you, by the third Thing propoſed, namely, 


OB$SERv. 2 

When any two Quantities are propoſed, whereof - 
the firſt is a Square, whether they have Co-efficients 
or not, or whether the ſecond Member be a Fraction 
or not, you may find the third Member and com- 
pleat the Square of two ſuch Quantities by this Rule 


only, 
Another general Rule to compleat the Square of any 
two Quantities, one whereof is a perfect Square. 


RuL#E, 


Take half the Co-efficient of the ſecond Member, 
and the Square thereof ſhall - be the third Member, 
U 3 which 
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which will compleat the Square of the ſaid two given 

: Members, 4 
Try. What do you ſay this will do, though I pro- 

_ poſe any Quantities or Fractions at Random? 

Phi: Yes, provided your firſt Member be a per- u 
fect Square, and the ſecond has the Root of that 
Square found in it. ' 

Tyr. Give me a few Examples. a 

Phi, I will. li 

EXAMPLE I. 


Suppoſe xx -- 8: were to be compleated here, 
half the Qg-efficient of the ſecond Member, v. 8 is ; Ml 
to whoſe ſquared is 16 which will be the third Term. 

xx + dx therefore when compleated, will be * + 

Bx - 16, the Root of which is x ＋ 4, forx+ 4M E 
XX + 4 = ax + 8x -|- 16, 


EXAMPLE 2. 


Let x= ＋ 14 * be compleated, = 
Here half of 14 is 7, this ſquared is 49 ; fo that 
xx + 14x when compleated is x ＋ 14x ＋ 49. 
Nov. Very eaſy indeed, and very pretty. 
Phi. Notwithſtanding this you ſhall. very rate 
meet with it in Authors. | 
Nov. | krow it; but pray ſuppoſe the ſecond 
Member have an odd Number or Co-efficient, 0: 
ſuppoſe it to have Fractions how then? 
 #hi, The very ſame as before. 


u 


EXAMPLE 3. 71 
Let xx + 5x be compleated. giv 
Nov. I am at a Loſs at preſent indeed. | 
Phi. Surely not, Tyrunculus ! Why is not the Hall . | 
| $ 


of 5 expreſſed ; * 


ven 


pro- 


per- 
that 


;cre, 
IS 4 
erm. 
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Nov. T aſk Pardon, it is s ſo, and the Square of ; is 
4, is it not? 

Phi. You are right. 

Nov. Then I perceive xx ＋ 5x. when compleated, . 
will be xx 43 gx -|- #£, And by che ſame Rule x# 

2 
and the Square of + is 23, ſhew. me one or two 
literally, 
EXAMPLE 5. 


Suppoſe xx + bx be given, what will the third. 
Member be to compleat the Square ? 
Here the Co- eſſicients of the ſecond Member is 6, . 


b bo 
Half of which is which {quared, is by ſo that xx + bx 
; 


Lb 
when comp!eatcd is fer. + br + . Sce Page 219, 


Example 4. 3 W 
X AM 


bx bb 
xx 47 — when compleated, i is . ＋ —— 
A OT. 
For half the Co efficient — is — the Ry of which 


, 6b '® 
—— 4 
44a. 


Are ydl aſib'e of this? 

Nov. Nothing-apnears plainer. 

Phi. Since you know Something of the Nature of 
Izvoluticn, and compleating the Square, I will now 
give you a Notion of Evolution directly. 

2 Of EVOLUTION 

Evalution is the Reverſe of Invilution, and ſhews 

us how to exact the Roots of any given Power. 
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EXAMPLES: * 
* XXXX W 0 
x Root xx Root; 
xx bb cc. xx bbbb. dddd ex 
* bc Root *. bb dd Root, 


Os ER v. I. 

Wen there are ſeveral Quantities in one Power, MW | 
then conſider. which of thole Powers are perfect ot Ml Pre 
pure Squares of themſelves; for ſhould the firſt and Ml if 
third be ſo in any Power raiſed from a Binominal or M th. 
Rijidual, extract the Root of the ſaid two Powers, WM nic: 
and you have the ſquare Root of the whole Quan- ni; 
tity or Power, Thus, 


xx ＋ 2xb + 255 Square, 
145 Root. 


For the Root of xx is x, and the Root of 5b is H 
and theſe two connected are » + b, and theſe I ſup- 
poſe the true Root; but I find it to be fo upon two 
Trials, firſt x X b = ab, this doubled is 2 6 the 
middle Term; allo>x + bx-+6 our xx ＋ 2x6 

J the Power given. Again, 


** + 6 xxx + 9 xx Square 
ax + 3x Root. 


* 


- 


8 
Alſo ſuppoſe xxxx — 14 xxbb cc + 49 Bib cecc, K 


Then xx — 7 bb cc Root. 


Here are two pure Powers, the Square of which is Do 
xx and 7 bb cc; therefore I conclude xx — bb cc the 
Root, becauſe the middle Member is negative, — 


is b, 
ſup- 
two 
the 
2.x 


(ls 
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the Square of half its Co-efficient gives 49 in the 
third Member. 


Nov. I underſtand you well; but how am I to. 


extract the ſquare Root of Fractions ? 
Phi. After the ſame Manner, For, 


OB$SERYV, 2. 


If the firſt Member be a pure Power, and the 
Fraction alſo, you may conſider it as a perfect Square 


raiſed from a Binomi nal or Riſidual Root; extract 
therefore the Root of the Numerator for a new Nu- 
merator, and of the Denominator for a new Deno- 
minator. 

EXAMPLES, 


Let xx ＋ ? Square 
af Root, 


For the Root of 2 is 2; and + TAX # +} = 
wx + 3 -j- LA Again, 
Let xx + 3h A- 2 By Square 
x +46 Root. Again. 


te 35 
Let ax — — -+ — Square 


b 
x + By Root. 


L3 


See Example 6. in Involution. Alſo; 
Let xx — dx -| 3 dd Square 


* — 3 d Root. 


Do you underſtand it ?. 


226 APPENDIX. + 

Tyr. Yes very well, except in one Thing, ar 
that ſeems very odd to me, 

Phi. What is that? | 

Nev. Why, I perceive the Root of the Fraction 
Is larger than the Fraction itſelf. - 

Phi. Not in every Reſpect neither; for 4 of 4d 
muſt be more then + d; but [ ſuppoſe you wonder 
that the Square Root of 4 ſhould be 2, which is 
more than 3 itſelf, 

Nov. I do fo. 

Phi. That the Root of every ſimple FraQtion is 
rer than the Square itſelf; you may ſee the Rea- 
on of this, in Dialogue 3. Sef.' 3. Nete 1, and 
Note the 3d. Sect. 4. of the ſame Dialogue. 

Nev, But I wiſh' you would demonſtrate it. 

Phi. You aſk Things indeed foreign to the Pur- 
poſe; however, I am ready to oblige you in every 
Thing that may be ſerviceable: I ſhall therefore ex- 
plain it by Decimal Fractions; and you will ſee it at 
onee? Now I ſuppoſe you know in Decimals . 25 is 
. 4 x and 75 is 2 of any Thing. 
1 ov. Yes very well, for 25 is 4 of 100, 5 is 2 of 
10, and 75 2 of 100, their reſpective Denominators, 

Phi. Right, obſerve then, I only ſet down 25 as 
it ſtands in whole Numbers, and find the Root thereof 
5, which is 5 five Times leſs in the Root than the 
Square. I alſo in 4 ſet down 25 with a Dot or Prick 
before it thus . 25, and the Square Root is ſlill 5; 
but I put a Prick alſo before the .5 that being a De- 
eimal alſo: Now .5 you know is 4 : By this you ſee 
that the Square Root of ſimple Fractions encreaſe in 
Value or Quantity in proportion to the Decreaſe of 
Roots of whole Numbers. 

Nev I ſee it plainly, and I heartily thank you; 
but how ſhall I know when a Square is not pertec}, 
and how-am ] to act in ſuch a caſe, Ph 


nA 


— — GS na 


| 
| 
| 
| 
| 
| 


4A TABLE of Co! 


Shewing | 


The RooTs and POW ERS of ſuc 
which any higher P 


| Non, or Fiſi Po r i 285 x = 
quare, or Second Power = - - En 8 3 | 
— Pim bon w= 4 1. 
Biguadrate, or Fourth Power- [II 16 81 7 
urſolid, or Fifth Power = = - af =1 32 24 ; - I 
[Square-cubed, or Sixth Power - gil Gal 729) 4c 
{Second Surfolids, or Seventh Power = | 7 =1 128 2187 163 
iguadrate ſquared, or Eighth Power| x* =1| 2 560 6561 655 
Cube-cuhed, or Ninth Power = - - - = 512 1968 30 2621 
urſolid ſquared, or Tenth Power -« 9 = I 1024 59049] 10485 
rd Surſolid, or Eleventh Power = 71 2048 177 147 41943 
quare-Cube ſquared, or Twelth Power ar EI 4096 $3144 11 67772 


— — — — A 


Lit this fold ag 


CONVERGING SERIES, c. 
ewing by Inſpection only, 


f ſuch RooTs to the Twelfth Roo T; by 
her POWERS may be found. 


x ˙ 

. a ts 

7 64 125 216 343 512 | 

I 256 6250 2401 4096 een 
1024 5 3125 2776) 16807 : 76328 5904 

J 4096 15625 46656 117649) 262144 7 531447 

638% 78125] 279936 823543) 2097152] 478296 

(| 65536] 390625] 1679616] 5764801] 16777216] 43046723 

;| 262144] 2953125] 10077696) 40353607] 134217728] _ 38742048 


1048576] 9765625] 60466176 282475249 1073747824 3486784401 


— 


7 4194304 48828125 362797056 19773267430 8589934592} 3138105960 


l: 6777216 244140625 2176782336 '13841287201|687 19476730 282429530483 


— W od ht. i 


Rs eo ſ er. as 


fold agaiuſt Page 227. 


APPENDIX. 227 
i Phi That will diſcover itſelf by the foregoing 
Rule; that is, if there be not two pure Squares; or 
if the double. Rectangle under the Squares make not 
the middle Term: in ſuch Caſes as theſe, you only 
put this Sign (V) before it, to ſhew it is a ſurd Quan- 
tity. For this Sign is called the Radical Sign, or the 
Bign of [rrationality. Thus, 
The ſquare Root of xb is Vb of .xx ＋ dd is 
xx ＋ dd. 
Now you ſee it is plain xx dd is a Surd, or a 
Quantity that is not a perfect Square; for the Square 
of xx is x, and the Square of dd is d; theſe con- 
ected are x -- 4; but x + AX x + A= xx + 2xd 
dd conſequently therefore xx -+ dd is a ſurd 
Quantity. 

So alſo the ſquare Root of xx + 2xb — 36 is 
xx -|- 2xb — bb, becauſe the firſt is affirmative, 
and the third negative. | 

Again, The ſquare Root of xx + 5xb +866 is ex- 
25 y/ xx + 5xb--bb; becauſe the middle Quan- 
11 4 not juſt the Double of the Products of * 
nd 5. 

And now, Novitius, I will give you a Table of the 
Powers, and ſhew you the Manner of involving 
hem more plainly ; and alſo more of the Nature of 
aveſtigation by Way of Exerciſe, 


—_ .4 „* — — 


Jere follows the Method of Inveſtigation or ex- 
trafting the Roots of all Powers. + 


H E Square Root having been ſpoken of before, 

I ſhall here begin with the third Power or Cube 
Root, And you are to take Notice, Novitins, that 
. in 
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in all the following Operations wherein e is above th 


ſecond Power, that Part muſt be rejected. 
1. Of the CUBE Roor. 


Let the given Number whoſe Root is to be ex. 
tracted, be = b, and let x + e = 5 Then if 7 


you involve x + e to the third Power, that is, Cube 


it, you will have 2 
OE bare % barns 2 
1 —3x 4 . 
3 3x 
2 — —4 Xs 3 b xx 1 
12 3 Tr - 1 
| a 3 , xx 
3 4 2 4 2 ＋e 3 Ta 
a, #[S[abez>+ Lf _Hm=y 5. 
4.+ 2 oF” 3X 12 
Now this Method will always hold good in every 
Operation, whether you ſuppoſe x E or — than i 1 
really is, as plainly appears from the next Work ,—__ 
'For, * | 3 , x 
3 = 
Let = b — 
| 11 x7 — 3x%e + 3e — 25 
: 22 A. 
1 * 3X 2 | — xe + EC — Jr 
b 
NE x 3 
N — — re e“ = x—— 37 
9 5 x? FR. As 
3 uv 2 7 2 5544 3x I2 
x b Xx 
4 2 | as before. 


APPENDIX. 
the 
2, Of the B1QUADRATE or 4th PowtR, 


ube 


** ** xe 
Q — = + FE+u= Lot 
18 9 x 18 


8148 5 e 3 7 
2x 2 2 
& 5 be: 3 1 VG 78 © 


3. Of the Sur80L1D or 5th Power, 


— 


Let [II. = NB 
I @® 5 | 2| ＋ 5x*:+ 10x32* =$ 


* 10 3 EZ. 2 4 
3 =P 57, IOX 


„ $2 
3 2 a 4 


. 8 
en 80 


4 * 2 5 


2 12 
3 
ad 
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4. Of the CUBE fquared or 6th Pow x. 


Let 1 x+e=y b 
1 6 * + 6 + 15x* e* =b 


2 
2 — 15x*| 3 = + XZ + h= 
4 


15 5 15 
2 xx ; 2x6 b 2rx 
— xx 3 ours 
4 5 . 7 
* — b 22 
ere =  —— — | 
* 6 
5 ＋ e -T. = Nl 
5 Pg = hw. 


And thus may you proceed to the 7th, 8th, ꝙth, 
10th, c. Powers. 

Now from a due Conſideration, Novitius, of the 
above Work (for I cannot expect you to be perſect 
in it yet) you may by comparing the Roots thus in- 
veſtigated form Methods for finding of general Theo- 
rems to extract the Root of any higher Power with- 
out any troubleſome Operation: 

Nov. I ſhall like to know that. 

Phi. Obſerve then, firſt let us compare a four 
laſt Operations, and you will find the Fractions be- 
fore x increaſe uniformly, and that the Numerator 
and Denominator of each is always Unity more added 


o each. Thus, 
Is ix Ix 4x , Ce. Se. as follows, 


1 


OBS ERV. 2. 


APPENDIX. 
So that they follow you ſee in a Series 4, 
2 -7» 4» Cc. From hence follows. 


7 At 
1 
2 7 5 
Xx + — — xx 
128 
LX TY — — xx 
4 
4 / b- 
EN 


; | 
> x + op — XxX, &c. &c. | 


Again, If you compare the Power by which 5 is 
divided, you will find it increaſed by the continual 
Multiplication of x; and that the Co- efficient of the 
ſaid Power (6b) is increaſed alſo by the continual Ad- 
dition of 3, 4, 5, 6, 7, 8, Cc. Hence therefore 


evidently ariſes 


I "1h 
» 4 * XX 
2 b 
39 XX 
Sn K 
4 1 FO 
* xx 
b 
Sx +5 
| X 2 


— Xx &c. &c. 


OBn5sERY, 
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| OBsERv. 3. 

From what has been obſerved; it may eaſily be 
convinced, that the Fraction, into which xx is multi- 
plied, are found and produced by multiplying half 
the Fraction annexed to x into the whole Fraction 
annexed to . Whence follows, 


Now in order to difcover a Theorem, by which 
the Root of any Power may be extracted, you are 
to obſerve as follows, 

NorE 1. | 

That the Denaminator of the Fraction into which 
x is multiplied, is always lefs by Unity (or 1) than 
the Index of the given Power, and alſo that the Nu- 
merator of the ſaid Fraction is leſs by 1 than the De- 
nominator. 

Nor E 2. 

That the Index of the Power of x, by which þ is 
divided, is always equal to the Nimerater of the 
Aloreſaid Fraftion, NoTE 
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NOTE 3. 
That the. Co efficient of the ſaid Power of x, is 


ys by multiplying + the Index of the given 
ower into the [aid Index leſs by 1. 


LASTLY. 
The Fraction into which xx is multiplied, is the 


Product of +4 the Fraction annexed to x, and the 


whole numerical Fraction annexed to 6, 


EXAMPLE. 
Let the Theorem of the V' b be required, then 


by Note 1. | _—_— = 28 Fraction of . 
30 — Il 29 
And by Note 2 follows 
5 
x28 


By the third Note, 15 X 30 — I = 435, there- 
f And 
ore Jseir: An 


a 
By the laſt 29 X 735 = 12615, 


The Theorem then when compleated is 15 x + 


PO nn” 


Yun — — * — 39% } Agair ] 
435a*%, 12615 i 
1267 


234 APPENDIX. 


34ly, 6 X 12 — 1 = 66, which compleated 
10 | CS N = 1 ; 


1 

"op 7: 66 © 7526 
From a little Obſervation and Practice, Novitiys 
you may from theſe Examples improve yourſelf fur- 


ther in theſe Things. | 
Nov. I could do it the better if you would pleaſe 


to work me few a Problems. 


Phi. I will, and ſet a few for a Trial. 


Here follows ten PROBLEMS, ſewing the 
Manner of compleating the Square and extracting the 
Roots thereof. _ 


© PROBLEM I. 


There are three Numbers in == the Mean is 9, 
and the Difference of the Extreams is 24; I demand 
| the Numbers L 


x for the leſs Extreme 

x+24 the Greater 

xx + 24 their Product. (Q) 

| xx + 24* = 81 the U of the Means. 

Now x being found with the Co efficient 24 
before it, you muſk firſt compleat the Square 

|| before you can tell the Value of x thus, take; 

the Co-cfficient, via. 12, whoſe Square is 144, 

put it on both Sides ef the Equation, then it 

S | *x+24x +144 = 81-+ 1440r 225. Then 

j6|x= 225 viz. 15 — 144, viz. 12'= 3 
Auſ. Le's Number. 

| 7 | x + 24 = 27 the Greater, 


+ WW 0D » 


4 


PROOE 


v. . B. x g've this as one general Rule for all the other Examples, 


Ta"; 
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ed ProoF. 
3:9 :: 27: 81 For 3X 27 = QX 9. 
, PROBLEM H. 
— A certain Number of young Rakes agreed to have 
an Evening's Frolick at a SA Fair, and went 
ale into an Inn or Tavern and eat and drank freely; but 


upon calling for the Reckoning (which amounted juſt 
iy to 7 Poun y 4 of them ſneaked away, by which 
Means thoſe left were obliged to pay 10s a Piece more; 


— I demand the Number at firſt, and the Number leſt, 
N | 5 
| I x N? at firſt _ LIES 
2 2: the Share of each 
„ | 3 [+ —4thoſeleft 
"if | 4 | => Shareof thoſe leſt 
4 20n6 22h > 
2444 rata” > 
6 150 — IO x 
24 7150 * — 10 xx + 40# = 150 x — 600, Or 
re 8 99 + 40 x boo. That is 10 
4" 1g | **#F 4 x = 60. Now CO viz. compleating 
Bag & | the Square g ee 
it io | * ＋ AE ＋ 4 = 0 4 64 
I 6s + V4 = 10 the Number at firſt 
en I õ thoſe left. Or 
3 13] *#=4y/04—y4= 6 thoſe left. 
| PROOF. "Y | 
OF 10 Perſons at 15 5 each 150 = {7./0 
6 Perſons at 25s each = 150 = £740 
* 


PROB« 


235 APPENDIX, 


PROBLEM III. | 


What Number is that from whoſe Double 19 | 
being ſubtracted the Square of the Remainder leſ 1 
wil rr to 7 Times the ſaid Number ? | | 

for the Number = 
4 — 10 whoſe D is RUE SY 
3 4 * — 40 x + 100. Then ) 

444 — 40 x + 100 — (or r. That it 

5 

6 


4xx—47 x = = — 99 Then - 4 
| x*fA1-75 x = 24 75 C O or rather 
in this Caſe add the Square of g the Co- efficient 


of x to 11.75 you will have | th 
7 ey I562 x = 24 .75 vix. 10 
18 34. 515625 the the Difference, dix. 1 
baths. T hat is | 
lg |x= 5.875 ＋ 3-125 = 9 the Number. | 
* | ' PROOF. 
9X2=18—10=8, Now 8 x 8 64, —1 | 
Is = 2 63 = ] X' 9. | 
| | 
PROBLEM iv. J 
A Executor to 5 DF among other Things al * 
5 cs joint Note 22 74h dve from, C and D , 
and makes a demand of it; but C and D npt being 
able directly to pay it, twas agreed upon to take it 1 
as follgwe, C was to pay 8{ every Day; and By 115 
to mand If the 1ſt Day, 2 the ad, 3 the _ Fc. Td 1 
in how long Time the Debt will pad ? 425 
: * the „ el 6 185 
| duil 
He what B pup Lot B, 
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rags 8 x = 174 

* ＋ K ＋ 16 * 348K 0 

xx + 17 # ＋＋ 72.25 = 420.24" 

x 7420.25 = 20.5 — y/ 72.25 — 8.5 = 
l | 12 Days. So that A paid 96 and D 78 /. 


{ 


hati PROBLEM V. 


There is a Field in the Form of A, hk. 
a regular Parallelogram ABCD ; 
the Length exceeds the Breadth by 960 
ib Rods or Perches, and it contains D 
36 Square Rods; I demand the 51. 
i Length and Breadth of the Field? | 
& for the Breadth 
x + 16 Length 
xx + 16 x Area(Q.) 
xx + 16 x = 960 C. 0. : 
xx ＋ 16 # + 64 = 960-+ 64 = 1024 


© 19 
leſs 1 


| 


4 
5 
6 
7 


wer [ 
— 


4 = i024 — 64 = 24 Breadth 
[* +16  - = 40 Length _ 


gs alll - PROBLEM VI. 


A certain Gentle- 
man had in his Gar- 
den a Fountain, in te 
Middle of which ſtands - 
a Lion; at unequal Di- 
Rances from the Cen- W5 

tre” of the Fountain he D | . + 
duilt 2 Towers A and eee 
B, whoſe Baſes D = C are in an Horizontal Plane; (or 
ven wich the Head of the Lion at : The Height 


S 


. —— —1Ü— AꝗẽU. — ˙ . —— . rn 


EE ¹w]— ô—ꝝ—ꝛ—ĩ— 
n 5 S 


' 
t 


j 
' 

"1 
4 
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the Lion to the Baſe of the Temples ? 


Form of a'Parallelogram, 


18 Rods, and the Content of the, Flower-Gark 
DB e is 1203 I demand the Length and Breadth| 
the whole Ground. . PRO! 


of the Temple A D is 57 Feet, and B C 56, andth 
Diſtance between them (vis. D C) is 114 Feet: No 
the Head of the Lion (at #) is equi - diſtant from t 
Top of each Temple: I demand the Diſtance fr, 


] 1] x for the leaſt Diftance C, and let r—x=D 
| 2 un ＋ xx =, yy per Figure he I 
| 3] bb +rr —2rx + xx g yy per Figure | 
14m =bb+rr—2rx 


5 |m + arx =bb + rr T1 

6 are = bb + rr — mn wy 
pl = PETS 4533, And he'$ 
3 | 4 Num 
[8] 114—x ũ Bi 68 f 1 

| Sum 114 he Þ 


= $6 that the Diſtance From the Lion at. x, to. 
Temple CB, is 45 4x Reet, and, from the Temp 


Here follows a few more Dueſtions© to exerciſe | 


Learner. 


— 


1 PROBLEM vi. 


There is a Piece „0 
Ground AB CD inthe | 


the Length is 3 Times the V1, ö 
Breadth: This Piece of gf | uy 
— is deſigned for 2 = 
Gardens, the Length of the Kitchen-Garden C 
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PROBLEM VIII. 


There are two Lines A and B in ſuch Propor- 
on that the Double of the firſt (viz. A) with the 
Triple of the ſecond (B) will make 60; and double 
he Square of the ſecond with Triple the Square of 
D de firſt, will make 14 Times as much; I demand 
he Length of the Lines A and B. 


PROBLEM Ix.” 


There is a certain Number conſiſting of 2 Figures, 
nd it is equal to 4 Times the Sum of its Digits (viz, 
the Sum of the 2 Figures) and if you add 18 to the 
Number, the Digits will be inverted, vix. the firſt 
Figure will ſtand laſt, and the laſt felt 3 I demand 
the N mr * | | 7 


PR 0 B L E M X. 
| bappen'd one Ex ning with a Tinker to ſit, 


© it 
emp 


falt d of his Art with Abundance of Mettle; 
Then Jad him to make me a flat bottom d Kettle, 

Ude To Ys and the Bottom Diameter te be, 

x ſuch juſt Proportion as five is to three: 
lwelve Inches the Depth (1 propos d) and no mares | 
lad to bold in Ale Gallons Sy n 1 e/s than a Score. 

/ promis'd to de it, and F to work went z 
But when he had done it, he found 'twas tos ſcant : 
alter d Ihen; but too big be has made it; 

or beo it. olds right, the Diameters Jail it OTE” 
bus making it often too big and too little, Dt Pe 
The poor Tinker at laſt bad quite ¶poil' d his Kettle; 
* be. ſiwore that he'd bring his ſaid Purpoſe to 54%, 
br elſe bt would ſpoil every Ounce of his Braſs: : 
4 Ae 


U 
' 
” WH: 
by 75 
ty 
/ 7 
4 1 
5 
# 1 . 


C. 
Tardt 
zdth 
RO 


Whoſe. Tongue ran a great deal too faſt for his wid 8 


240 APPENDIX. 


Now to keep him from Ruin, I pray find him out 
The Diameter s Length *— For hell ner do't I doubt ! 


N. B. This Queſtion was fent the Aurnon about 
two Vears ago; and you have the ſame Numbers 
with very little Alteration of the Words. 


Thus, Novitius, I hope you will be kind to young 
Tyre, and inſtruct him in all that lies in your Power, 
as I have been wanting in Nothing that might be of 
Service to you. | | 

Nev. Sir, You may depend upon it; and permit 
me to aſk you but one Thing more, and I will 
trouble you no longer. 

Phi. What is that pray? ich 

Nev. Only to give me the Work of the different 
Content of a Piece of Timber or Stone in the Form 
of a Cylinder, and Farallelopiped, for ſome ſay there 
is no Difference at all. 

Phi, Tis a common Miſtake, but there is very 
near 5 Z Feet Difference, Novitius, the Content of 
the regular Parallelopiped being juſt 20 Feet, and 
the Cylinder 25 Feet 18. But pray, Novitius, let 
me know the Reaſon of your aſking this Queſtion, 
for you ſeem to be very earneſt about it ? 

ov. To tell you the Truth then, Sir, there was 
ſome ſmall Deſpute between two or theree of us con- 
rerning it; but I could not make them ſenſible there 
is any Difference at all, te | 

Phi. But why did you not work them both by 
Figures, and that would have convinced them? 

ov. I did, and make it the ſame as you do; but 
they would not be fatisfied with that, which occa- 
ſioned a ſmall Bet between is to be left to your 
Determination. - 
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Phi. If you did the right Way ſurely they could 
not be ſo ignorant ! Let me ſee the Method of your 
doing it? 

av. Firſt for the ſquare Tree, that being 48 
Inches Circumference, conſequently has 12 Inches 
upon every Side. Now 12 multiplied by 12 makes 
144, the ſuperficial Content ; and this multiplied by 
20 the Length, 8 divided by 144 gives juſt 20 Feet 
the Content. | 

Phi. Very right, and how did you proceed with 
the Cylinder ? 

Nov. A Cylinder having a Circle for its Baſe (and 
being 48 Inches Circumference) I find firſt the Dia- 
meter (48) to the Diameter (15. 2788 Inches). Then 
to find the ſuperficial Content at the End, I multiply 
Half the Diameter (viz. 7. 6394) by Half the Cir- 
cumference (viz. 24) and gives 183. 3456 Inches 
the Area at the End. This divided by 144 gives 
1. 2732 Feet; and this multiplied by 20 the Length, 
gives 25.464 ſolid Feet, which is nearly 25 as you. 
obſerved before. 

Phi. Very rightly performed; and would not this 
fatify them do you ſay ? | e 
Nov. No indeed; they ſay all the calculated Tables 
in Timber-Meaſure prove the contrary: So as Job- 
ſerved before it is left to you to decide. | | 

Phi. To oblige you, Novitius, I will ſhew you 


(by and by) a Method that will not fail to convince 


them. But firſt I will tell you the Reaſon of this 
common Error; for you muſh Note, you are not the 
only Perſon that have beey Witneſs to this Folly. | 
As to all the ſet Tables they are calculated for ſquare 
ſided Timber only, accordingly to Cuſtom (for we“ 
are not to ſuppoſe every. pretended Meaſurer a G 
metrician) and in this the Pen and the Tables will 

agree 
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agree; and the Reaſon is this, they girt the Tree 1 
round, then take the fourth Part of that Circum. be 
ference (yulgarly call'd the Girt by ſome) and mul. M 1, 
tiply it by itſelf, then by the Length of the Tree; 
after which they divide it by 144, and it gives the 
Content in ſolid Feet; but then as I ſaid before, it 
is only for ſquare-ſided Timber that this Method 
holds good. For of all other ſhaped Timber the 
Content will be more or leſs as I ſhall demonſtrate 
hereafter, that will not fail, I believe, to convince 
your Friends of their Error. 
If indeed the Buyer and Seller agree according to 
a cuſtomary way of meaſuring any Thing, we have 
no Buſineſs to meddle ; but when we are called upon 
to do Juſtice between both; we muſt then proceed 
according to the juſt Rules of Arithmetic ; which 
ought not in any Reſpect to give way to Things in- 
troduced meeraly by prejudiced Ignorance which may 
very well be called the Nurſes of idle Cuſtom, as 
you may ſee in a Series of Inſtances beſides the Cale 
before us. But to give one only, 
T have heard a great many pretended M eaſurers 
affirm; that take a round Piece of Timber and let 
four Slabs be ſawn off it, and even then it will con- 
' tain more ſolid Feet than it did before. The Erg- 
lib of which is, if I give you Two- pence out of a 
Shilling, I ſhall then have 144. in Hand. W hat 
Stupidity is here | Again, in a ſquare Tree 48 Inches 
round, it is plain one Side is but 12 Inches ; but in 
a round Tree that is 48 Inches Circumference, the 4 


Side of a Square equal thereto will be 13 3 Inches“, 'þ 
but the inſcribed ae will be on each Side but — 
about 10 18 Inches. : 
However, I ſhall leave Arithmetic and demon- b. 
ſtrate ms 


* Find the Ares of the Circle, and extract the ſquare Root there} 
gives the Side of the Square «qual te the Cirele, 
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ſtrate it by one plain geometrical Figure only, which 
I never knew fail to convince this fort of People; 
becauſe they can ſee the Reaſon of it directly upon 
looking at the Scheme. 


Demonſtration. 


As it has been proved that .a Circle 48 Inches 
Circumference, is 15.2788 Diameter the Semi-dia- 
meter muſt be 7.6394. From any Scale of equal 
Parts therefore take off with your Compaſſes 7.6 
Inches, and from C the Center, deſcribe the Circle 
A, A, A, A, whoſe Circumſerence will then be 48. 
Then from the ſame Scale take offi2 and make this the 
Side of a Square, A 
then complete the B —— 5 B 
Square B, B, B, B, — ar. 
whoſe Perimeter * 4 
will alſo be 48 7 L 
Inches. Now ſup- 7 \ 
poſing this Square AI. J. 8 — 
to be laid — the A. | C A 
Circle, does it not 
* by 
the Figure itſelf, — 7 
that hs Area or B * >—B 
ſuperficial Content A 
of the Circle is 
larger than the Square: For though the Square hangs 
over the Circle at the Points, B, B, B, B, yet the 
4 Areas or Segments of the Circle 4, A, A, A, are 
each of them larger than the former. Conſequently 
therefore the Area of a Circle is larger than the Area 
of a Square, whoſe Perimeter is equal to the Circum- 
ference of the Circle; and if the ſuperficial Content 
be greater, it is out of Diſpute that the ſolid Con- 
tent is alſo greater, F Now. 
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Nov. This is a plain Demonſtration indeed! 
Phi. To be ſure it is much the eaſieſt Way: For 
ſuch as are ignorant of the Square and Cube Root, 
only think you are impoſing upon them when you 
work ſuch Queſtions at large; but here they are con- 
vinced directly, | 

Nev. They are fo, a | 

Phi. From hence then it is evident, That a Circle 
is larger in Area than any other Figure, having the 
ſame Circumference. And all Polygons are neater 
the Area of the Circle according to the Number of 
Sides; (as a Triangle, Square Pentagon, Hexagon, 
Sc. Sc. &c.) for the more the Sides the nearer the 
Circle, but they never can be quite ſo for this Reaſon, 
becauſe a Curve Line is longer than a ſtraight one. 
Again, 

You are to obſerve, that the Side of the inſcribed 
Square (in the aforeſaid Circle) will be 10. 8 Inches, 
and its Content 16, 21224 Feet; and the Content of 
the circumſcribed: Square, will be juſt the Double, 
diz. 32 .42448 Feet. The Content of the Triangle 
(48 Inches round) 15. 4 Feet. That of the Square 
juſt 20; that of the Hexagon 23 Feet, 

Nov. Dear Philomathes f heartily thank you. 

Phi. You are heartily welcome, only do you com- 
municate to Tyrunculus what I have ſhewn you; for 
if I ſee you both diligent I intend (as ſoon as I have 
done with young Tyro in common Arithmetic ) to 
inſtruct you in the Rudiments of Geography and the 
Uſe of the Globes, In the mean time, Novittus, I 
bid you a hearty farewel. 

Nev. Sir, 1 am your obliged humble Servant. 
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